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The Clinical Diagnosis of Anomalous 
Pulmonary Venous Drainage 


By H. A. SNELLEN, M.D., Ano F. H. AusBers, M.D. 


Clinical studies are presented in: (a) One case of partial anomalous pulmonary venous drainage 
(right common pulmonary vein into inferior vena cava), and (b) four cases of total abnormal 
pulmonary venous drainage (via “left vena cava” and left innominate vein into the superior vena 
cava on the right side). One of the latter four cases was verified on exploratory thoracotomy. The 
diagnosis was based on angiocardiography and heart catheterization, but the conventional chest 
roentgenogram proved to be quite characteristic of both conditions. The relatively slight im- 
pairment of health is stressed in the cases reported here. 


N the course of the last few years an in- 

creasing interest in abnormal venous re- 

turn has been evident from the literature. 
Most reports, however, are concerned with 
anatomic observations unsupported by a com- 
plete clinical diagnosis. 

For a survey of the anatomic findings the 
article by Brody! may be consulted as well as 
the more recent review by Chandler Smith.’ 
Interesting discussions of the embryologic con- 
sideration related to anomalies of the pulmo- 
nary veins may be found in the articles of 
Edwards and his associates.’: + According to 
Chandler Smith there are now 133 cases on 
record, 75 with partial and 56 with complete 
drainage of the pulmonary venous blood into 
the right atrium or its tributaries. The latter 
group can be subdivided in accordance with 
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the findings of Brody into 23 cases with and 33 
cases without additional cardiac abnormalities. 
In all cases of total abnormal drainage, how- 
ever, where mention has been made of the 
foramen ovale, this was found to be open; the 
additional cases cited by Chandler Smith all 
show the same feature. 

The usual sites into which the pulmonary 
veins emptied in cases of partial abnormal 
drainage were found to be: superior vena (35 
vases), right atrium (18 cases), and left in- 
nominate vein (16 cases). Drainage into the 
coronary sinus, inferior vena cava, azygos vein 
and left subclavian vein was seen less fre- 
quently. In cases of total anomalous pulmonary 
venous return the structures into which the 
pulmonary veins entered were the following: 
superior vena cava (nine cases), coronary sinus 
(seven cases), right atrium (six cases), left in- 
nominate vein (three cases) and portal vein 
(two cases). 

Most of the patients with partial abnormal 
drainage maintained good health until an ad- 
vanced age, their life span varying from 1 to 
86 years. On the other hand total abnormal 
drainage without other major cardiac defects 
was tolerated notably less well, only 5 out of 
33 patients lived beyond the age of 8 months. 
The same trend applied when complete abnor- 
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mal return was associated with additional 
anomalies; in this group 5 out of 23 patients 
lived longer than 8 months.’ In three cases of 
complete abnormal pulmonary venous drain- 
age, recently studied post mortem in the de- 
partment of anatomy of our University, the 
pulmonary veins were found to empty into the 
coronary sinus (one case) and into a persistent 
sinus venosus associated with a persistent left 
vena cava (two cases). These anatomic findings 
and their embryologic significance will be dis- 
cussed in another publication. 

In this paper we propose to deal with one 
case of partial abnormal drainage (right pulmo- 
nary vein into the inferior vena cava) and four 
‘ases of complete abnormal pulmonary venous 
return (into left innominate vein), all of which 
were diagnosed clinically.* 


Metuop oF EXAMINATION 


Heart catheterization was carried out by the 
accepted procedure. In case 2, only mean pressures 
were taken by means of a saline manometer. In 
case 1, pressures were registered optically with a 
Hamilton-type manometer constructed by Prof. 
Dirken, and a simultaneous electrocardiogram was 
made with a Boulitte string galvanometer. In cases 
3 and 4 pressure registration was effected through a 
Statham gage connected to a six-channel Elmquist 
electrocardiograph by a suitably constructed ampli- 
fier; the electrocardiogram and respiration curves 
were registered together with the blood pressure 
curves. 

The oxygen saturation of blood samples was 
determined photoelectrically, in cases 1, 3 and 4 
with the hemoreflectometer of Brinkman‘; in 
case 2, with the older apparatus of Brinkman, using 
absorption of light instead of reflection as index. 
As will be seen from tables 1, 3 and 4 we have 
sometimes taken many blood samples (even more 
than were listed because some merely corroborative 
figures were omitted). This was greatly facilitated 
by the use of the hemoreflectometer, which provides 
a quick and simple method of determining oxygen 
saturation with sufficient accuracy, the mean dif- 
ference in saturation found in duplicate samples 
from the same syringe not exceeding 1 per cent. 
For calculating cardiac output, however, one has to 
determine oxygen capacity by the Van Slyke method 
or calculate this value from an accurate hemoglo- 


* In every case the diagnosis could be made by 
heart catheterization and in three cases by angio- 
cardiography; in one case the diagnosis was confirmed 
at exploratory thoracotomy. The conventional chest 
roentgenogram also proved to be quite characteristic. 


bin estimation. For the latter purpose we now us 
the alkaline hematin method checked by blood iro), 
determination. 

For angiocardiography Diodrast 70 per cent 0: 
Diodrast 80 per cent was used, the substance beiny 
injected either intravenously or through a heart 
catheter. A simple cassette changer was used which 
allowed a succession of roentgenograms at time inte: - 
vals of one to two seconds. 


DESCRIPTION OF CASES 


Case 1.G. B., a 21 year old woman, was examined 
in November, 1950. The patient had been free ot 
symptoms until three years before examination 
when, after her father’s death, she was obliged to do 
fairly strenuous work. She then began to complain 
of breathlessness and of pains in the chest and in 
the lower back. She was never blue. 

On examination no cyanosis or clubbing was 
noted. There were no signs of heart failure. The chest 
was symmetric; respiratory movements were equal 
on both sides. At the left and right sternal border 
in the third intercostal space a grade 2 systolic 
murmur was heard and a very faint thrill was felt. 
No diastolic murmur was heard. Blood pressure was 
135/80. Urine examination was negative. Hemo- 
globin was 12.5 Gm. and hematocrit 40 per cent. 
White blood corpuscles were 7600 with normal 
differential count. The arterial oxygen saturation 
was normal (97 per cent). Circulation time was 
eight seconds (with magnesium sulphate). The 
electrocardiogram showed doubtful disturbances in 
the form of widened and notched 8 waves in leads 
II, III and Vr. 

On roentgenologic examination the heart seemed 
to be rotated to the right and upward; on placing 
the patient in a slightly oblique position (right 
anterior oblique) a reasonably normal configuration 
was obtained. The right atrium appeared to be 
enlarged. The main pulmonary artery and its hilar 
branches were not conspicuously wide; no increased 
pulsations were visible. Parallel to the right lower 
cardiac border, and at a short distance from it, a 
rather broad abnormal vascular shadow was to be 
seen which disappeared under the diaphragm and 
which gave the appearance of a branching effect into 
the upper lung field (fig. 1A). On a planigraphie film 
the vascular nature of this shadow was more marked, 
and the branches reaching high in the thorax were 
better seen (fig. 1B). 

On the intravenous angiocardiogram the same 
shadow was outlined at the moment the pulmonary 
veins were supposed to fill and the extension of the 
former into the region of the inferior vena cava was 
seen. At a later date a heart catheter was passe: 
through the saphenous vein into the inferior ven: 
cava just below the diaphragm. Although th: 
connection of the abnormal pulmonary vein wit! 
the inferior cava could be established by passing th: 
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ti» of eatheter into the former, the anomalous mained visible from four to eight seconds after 
vessel did not fill immediately after injection of injection (fig. 1C). It was felt, that the shadow 


Fic. 1. Anteroposterior view of case 1: (a) Chest roentgenogram. Anomalous pulmonary vein vis- 
ible parallel to the right border of the heart. (6) Planigraphie film (6 em. from the back). Branching 
of anomalous pulmonary vein extending into the upper thorax. (c) Angiocardiogram five seconds 
after injection of Diodrast. Filling of anomalous pulmonary vein, which turns to the left at the june- 
tion of inferior vena cava and right auricle. (d) Diagram combining the findings of the planigraphic 
and angiocardiographic films. 

S.V.C. = superior vena cava R.V. = right ventricle 
P.A. = pulmonary artery R.A. = right auricle 
R.P.V. = right (common) pulmonary vein. L.P.V. = left pulmonary vein(s). 


| odrast through the catheter but only after filling represented a pulmonary vein draining the right 
6: the right heart and the pulmonary artery and lower lobe and, considering that it reached high up 
simultaneously with a left pulmonary vein. It re- in the lung field while still fairly wide, probably the 
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other right lobes as well. There was no early filling 
of the left heart or aorta, that is a right to left shunt 
was not demonstrated. The left ventricle and aorta 
were not visible until the shadow of the pulmonary 
veins had already begun to fade. 


TABLE 1.—Case 1 


Os : . 
4.2, \syst./Diast 
Sc. a. Syst. . 
’ — Pressure 

3 (mm. Hg) 

(%) . 


Tip of catheter in: 


Heart catheterization: Nov. 

28, 1950 
Superior vena cava... 
Right atrium. . 
Right ventricle, outflow 

tract... abe s +50/20 
Right pulmonary artery, 

central part.... ie 40/25 
Right pulmonary artery, 

central part : 40/20 
Right brachial artery... 135/80 | 


Heart catheterization: Dec. 
12, 1950 
Inferior vena cava, 4-5 cm. 
below the diaphragm. 
Inferior vena cava, 3-4 cm. 
below the diaphragm. 
Inferior vena cava, near 
level diaphragm... 
Inferior vena cava, 1 cm. 
above diaphragm.... . 
Pulm. vein entering in- 
ferior vena cava.... 
Right atrium, center 
Right atrium, near center. 
Right atrium, near A-V 
valves ce 
Right atrium, near 8.V.C.. 
Sup. vena cava.... se 
Right ventricle, inflow 
tract... 


Systemic flow/min./M? = 
4.1 L. 

Pulmonary artery flow/min./ 
M? = 6 L. 

Efficient pulmonary flow/ 
min./M? = 4.1 L. 


The oxygen saturations of various blood samples 
obtained by heart catheterization are listed in table 
1, which also gives the pressures measured. Cathe- 
terization of the right ventricle and pulmonary 
artery was made difficult by repeated runs of 
ventricular extrasystoles, associated with nervous- 


ness and a sense of oppression and had to be cut 
short. 


Conclusion. There was drainage of a righ 
common (?) pulmonary vein into the inferioy 
vena cava at a point near its entrance into the 
right atrium. No certainty concerning th 
existence of an atrial septal defect or the caus 
of the systolic murmur (originating in the ab- 
normal pulmonary vein or caused by an ope 
foramen ovale?) was obtained. The abnorms| 
pulmonary vein was demonstrated by angic- 
‘ardiography, but was visible on a conventions! 
x-ray film of the chest and was even more 
clearly seen on planigraphic sections at a dis- 
tance of 5 to 7 em. from the back. 

The patient was seen again in November, 
1951; as long as she did only light work she 
was symptom free. The clinical and _ roent- 
genologic findings were unchanged. 


Case 2. A. L., a boy of 7 years was examined in 
July, 1948. At birth the patient was found to have 
a cardiac defect and he was cyanotic during the first 
few days of his life. After that time intermittent 
cyanosis occurred, particularly during bouts of fever, 
and on effort. He has always tired easily and been 
short of breath. He has a frequent, slight, un- 
productive cough. He has never had pneumonia. 
His hands and feet are always cold. 

During rest only a very slight degree of cyanosis 
was seen; clubbing of fingers and toes was equally 
slight. There was some bulging of the precordial 
chest area. A moderately loud systolic murmur 
(grade 3) was heard at the lower left sternal border, 
where a systolic thrill was also felt. No diastolic 
murmurs were audible. The femoral arteries were 
found to pulsate normally. The lungs were clear. 
The liver was found to be placed in the left hypo- 
chondrium; the stomach on the right side. Blood 
pressure was 80/55. Urine examination was normal. 
Hemoglobin was 16.4 Gm. Erythrocytes numbered 
5,150,000. The electrocardiogram showed pro- 
nounced right axis deviation in standard leads. 
The records of the precordial leads have been mis- 
laid, unfortunately, and are missing. 

On roentgenologic examinations the heart was 
found to be moderately enlarged, more so to the left 
than to the right. In the left oblique view the en- 
largement seemed chiefly confined to the right 
ventricle. The right atrium was dilated; the left 
atrium appeared normal. On both sides of the upper 
mediastinum a large rounded shadow was seen to 
bulge into the lung fields; the right shadow wa: 
more prominent than the left. Both shadows pul 
sated, but not vigorously. With the heart shadoy 
they formed a figure-S shaped mass (fig. 2A) 
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Through the left paramediastinal shadow a widened 
sulmonary artery was seen; the hilar branches and 
eripheral lung vessels were also more conspicuous 
than normal. The aorta was not clearly seen; the 


seen to be widened. The aorta filled at the same time 
and appeared to be definitely smaller than the 
pulmonary artery (fig. 2C). Two seconds later (four 
and one half seconds after injection) the pulmonary 


Fig. 2. Anteroposterior view of case 2: (a) Before injection of Diodrast. (b) One-half second after 
injection. Filling of superior vena cava and right auricle. (c) Two and one-half seconds after injection. 
Filling of right and left heart, aorta and pulmonary artery. (d) Four and one-half seconds after injec- 
tion. Filling of ‘left vena cava’’ with renewed filling of right superior vena cava and right auricle. 
(e) Diagram combining the findings of the angiocardiographie films. 


S.V.C. = superior vena cava 

L.V.C. = “left vena cava”’ 

L.I.V. = left innominate vein 

R.P.A. = right branch of pulmonary artery. 


esophagus did not show an impression of the aortic 
knob. 

After in intravenous injection of Diodrast the 
ight upper paramediastinal shadow began to fill 
‘nmediately and revealed itself to be the superior 
ena cava (fig. 2B). Two seconds later the pulmo- 
ary artery with its branches filled and these were 


P.A. = pulmonary artery 


= aorta 


P.V. = pulmonary vein. 


artery and aorta were no longer visible, but the left 
upper mass was filled and a wide arch was seen 
connecting the left hilar region with the superior 
vena cava (fig. 2D). Six and one half seconds after 
injection the density of this arch became less, but 
that of the pulmonary artery increased. After two 
additional seconds the venous arch was again more 
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clearly visible, demonstrating a recirculation through 
the lungs. 

On catheterization the oxygen saturation in 
samples taken simultaneously from the root of the 
superior vena cava and the femoral artery were 
found to be nearly equal (table 2). The mean 
pressure in the pulmonary artery was found to be 
very much increased, though disproportionately 
when compared with the pressure in the right 
ventricle. This was felt to be due to restlessness of 
the child; the discrepancy between the oxygen 
saturation in the right ventricle and in the pulmo- 
nary artery compared with the saturation in the 
femoral artery is most probably to be explained in 
the same way. Repetition of the catheterization was 
not possible. 


TABLE 2.—Case 2 


O2 Mean 
Satura- Pressure 
tion (cm 
(%) H.O) 


Tip of catheter in: 


Left subel. vein.... 69 
Sup. vena cava, high at the entrance 

of left innom. vein........... 85* 
Sup. vena cava, half way 76 
Sup. vena cava, half way........... 74 
Right atrium... oe 
Right ventricle, center... 77 
Right ventricle, center... 69 
Right pulm. art., central part 68 
Femoral artery. 86* 
Femoral artery.... S7t 


* Samples taken simultaneously. 
7 Second sample from femoral artery taken im- 
mediately after first sample. 


Conclusion. Total drainage of pulmonary 
blood into the superior vena cava by way of a 
left vertical vein (‘left vena cava’’) and the 


left innominate vein was considered highly 


probable; an Eisenmenger syndrome was also 
thought to be present, especially in view of the 
high pulmonary artery pressure. The possibility 
of a virtually simultaneous filling of aorta and 
pulmonary artery via an atrial septal defect 
could not be excluded, however; the aorta 
seemed to be too narrow for an Eisenmenger 
complex. Situs inversus abdominis was also 
found. 


Case 3. J. F. la P., a young man of 20 years, was 
examined in May, 1951. Palpitation and dyspnea 
on exertion have occurred since childhood. The 
patient shows cyanosis in cold weather, coughs 
frequently without expectoration. At a young age 
he suffered from asthmatie bronchitis for several 


years and has also had bronchopneumonia once. On 
examination the patient appeared slightly cyanotic. 
No clubbing was present. In the aortic area a 
superficial and rather soft continuous murmur was 
heard. This resembled a venous hum, but was not 
influenced by altering the position of the head. The 
second pulmonic sound was loud and reduplicated. 
At the lower left sternal border a systolic murmur, 
grade 3, accompanied by a thrill was present. The 
femoral arteries showed normal pulsations. The edgx 
of the spleen could just be felt. Blood pressure was 
120/75 in both arms. 

Hemoglobin was 14.7 Gm.; erythrocytes 4,660, 
090; hematocrit 48. The white blood cell count and 
differential were normal. The sedimentation rate 
was 2 mm. after one hour and 5 mm. after two 
hours. Urine was negative except for a_ positive 
urobilin test. Circulation time was 22 seconds with 
magnesium sulfate. The arterial oxygen saturation 
at rest was 88; after exercise 80. The electrocardio 
gram was interpreted to show right heart strain. 

On roentgenologic examination the heart was 
found to be slightly enlarged; in the left oblique 
position the enlargement appeared to be restricted 
to the right ventricle and atrium. The same saccular 
bulging of both sides of the upper mediastinum 
which was present in case 2 was also present in 
ease 3 (fig. 3). The right paramediastinal shadow 
was more intense than the left and both showed 
faint pulsations. A wide pulmonary artery was seen 
through the left shadow. The aorta was barely visible 
and was small. The pulmonary hilar branches were 
widened and pulsated freely. 

Angiocardiography was carried out antero- 
posteriorly with intravenous injection of 80 per cent 
Diodone. The superior vena cava (right upper para- 
mediastinal shadow) was seen to fill first. This was 
followed successively by filling of the right ventricle 
and pulmonary artery. The “left vena cava’’ (left 
upper paramediastinal shadow) filled after two or 
three more seconds and renewed filling of the 
superior vena cava on the right side followed. The 
aorta was not clearly seen. Marked dilution of the 
radio-opaque substance occurred apparently in the 
wide (right) superior vena cava. Oxygen saturation 
values obtained through heart catheterization and 
the measured pressures are listed in table 3. There 
was an admixture of highly oxygenated blood in the 
superior vena cava with the result that all saturation 
values in the right atrium, right ventricle and 
pulmonary artery were found to be at about the 
same high level. This probably precluded the de 
tection of a septal defect through demonstration of a 
rise in saturation of the blood. From comparison oi 
the pressures found in the inflow and outflow tract 
of the right ventricle, the presence of an infundibulai 
stenosis could be diagnosed. The localization of the 
ventricular site, where the pressure gradient was 
found, was established at fluoroscopy during cathe 
terization. 
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Conclusion. It is probable that all the pulmo- 
nary veins drained into a left vertical vein 
“left vena cava’’) which emptied into the left 
nominate vein, and by way of this vessel into 
‘he superior vena cava on the right side. 
Probable infundibular stenosis of the right 


stenosis had been seen; the heart size was only 
slightly increased. It seems possible that the 
high ventricular pressure due to the infundib- 
ular stenosis may have been an advantage in 
this case in that it better directed the blood 
from the right side of the heart to the left.* 


Fig. 3. Anteroposterior view of chest in case 3. 


entricle, and possible atrial septal defect in 
i\ddition was present. The presence of the 
atter is suggested by the murmur and thrill 
it the left lower sternal border and the constant 
inding of this anomaly in cases with a com- 
\letely abnormal pulmonary venous return. On 


he chest film no indication of a pulmonary 


Case 4. K. M., a 22 year old woman, was examined 
in June, 1951. The patient gave a history of having 
been. easily exhausted and breathless since child- 
hood. When examined her condition was somewhat 
better than it had been earlier; however, she could 


* This point was brought out by Dr. Helen Taussig 
in reviewing this paper. 
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not do heavy house work. According to her mother 
her lips were cyanotic when she became exhausted. 
There was no cough and no predisposition to respira- 
tory infections. She was mentally slow. 

On examination no cyanosis was exhibited during 
rest, but slight clubbing of the fingers was present. 


TABLE 3.—Case 3 


Mean 

Pres- 
sure 
(mm. 


A mm. Hg Hg) 


Oo Syst./ 
Satura Diast. 


tion Pressure 
a 


Tip of catheter in: 


Left subclavian vein 63 

Sup. vena cava, right, high in 
S.V.C. 

Sup. vena cava, right, half 

way in 8.V.C. 

Sup. vena cava, right, low in 
S.V.C. 

Inf. vena cava 

Right atrium, high (near 
S.V.C.) 

Right atrium, middle 

Right atrium, middle 

Right atrium, near 
valves 

Right ventricle, near 
valves : 

Right ventricle, middle 

Right ventricle, outflow 

Right ventricle, outflow 

Right pulm. artery, central.. 

Right pulm. artery, central. 

Right pulm. artery, more pe- 
ripheral. 87 

Right pulm. artery, ‘‘capil- 
lary”’ 93 

Left brachial artery 89* | 128/68 

Left brachial artery, second 
puncture 85 

Left brachial artery, after ex- 
ercise on table 


Systemic flow/min./M? = 3.8 
L. 

Pulmonary flow/min./M? = 8 
L. 

Efficient pulmonary flow/min./ 
M? = 28 L. 


* Samples taken simultaneously. 


On auscultation a superficial, soft, continuous mur- 
mur (‘“‘venous hum’) was heard over the aortic 
area. This was the same type of murmur that was 
present in case 3. A grade 3 systolic murmur, 
maximal in the third and fourth intercostal spaces 
at the lower left sternal border and accompanied by 


a thrill, was present. In the lungs and the abdomen 
nothing abnormal was found. Pulsations of femoral 
and pedal arteries were well marked. There were no 
signs of heart failure. Blood pressure was 125/80 in 
the right, 115/70 in the left arm. Arm to tongue 
circulation time was 13 seconds with Decholin and 
12 seconds with fluorescein. 

Hemoglobin) was 14.4 Gm. Erythrocytes 
4,400,000. The white blood cell count and_ dif- 
ferential were normal. Urine examination was nega- 
tive. Meinicke blood reaction was negative. Erythro- 
cyte sedimentation rate was 1 mm. after one hour 
and 2 mm. after two hours. Blood urea nitrogen was 
44 mg. per 100 cc. Arterial oxygen saturation at 
rest was 90 and after exertion (two-step test) 83. 
The electrocardiogram was interpreted to show right 
heart strain with incomplete right bundle branch 
block. 

On roentgenologic examination of the thorax, the 
upper mediastinum showed saccular bulgings on 
both sides that were similar to those present. in 
cases 2 and 3. These caused a figure-S shaped 
shadow, the heart forming the lower half of the 8 
(fig. 44). The right upper shadow was more promi 
nent than the left and its pulsations were also more 
marked. Through the left shadow the widened 
pulmonary artery was seen, and this showed vigorous 
pulsations. The hilar vessels were wide and also 
freely pulsating. The vessels in the periphery of the 
lung were found to be unusually dense. The aortic 
knob was not seen. The heart itself was slightly en- 
larged in the left oblique position. The enlargement 
appeared to be confined to the right atrium and 
ventricle. 

Angiocardiographic examination yielded the fol- 
lowing findings: 

1. In the anteroposterior view after the intra 
venous injection of Diodone the right upper para- 
mediastinal shadow (superior vena cava) was seen 
to fill immediately following the injection and at the 
same time small veins in the regions of the medi- 
astinum and thoracic inlet became visible (backflow 
of Diodone due to congestion). After one second the 
right heart and pulmonary artery began to fill, 
followed after one and one-half to three seconds by 
the visualization of a small aortic knob. Five and 
one-half seconds after injection the left upper para 
mediastinal shadow was filled and had the shape of 
a curved tube, the end of which appeared to be 
connected to the superior vena cava. 

2. In the anteroposterior view after injection of! 
Diodone through a catheter lying with its tip in the 
main pulmonary artery, essentially the same findings 
as recorded under 1 were noted. 

3. In the anteroposterior view after injection of 
Diodone through a catheter the tip of which is 
placed in the right pulmonary artery (peripheral to 
the right lower lobe) arterial branches were filled 
immediately (fig. 48) and within one half second a 
gradually increasing filling of widely patent con- 
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verging veins was seen to take place. The lower and to have taken place after one second. From this film 
wider vein could be followed through the heart it was evident that on fluoroscopy the ascending 
shadow to the left border of the vertebral column, aorta in this case as in the others (cases 2, 4 and 5) 
too far to the left to have a normal entrance into the was obscured by the shadow of the superior vena 
left atrium (fig. 4C). After a few seconds the oc- ‘ava in the left oblique position. Two and one-half 


Fic. 4. Roentgenologic findings in case 4: (a) Anteroposterior view of chest. (b) A-P view two sec- 
onds after injection of Diodrast: catheter in right lower lung field. Arterial filling. (¢) Same view 
three seconds later. Filling of right pulmonary vein, which crosses over to the left of the vertebral 
column. (d) Diagram of findings in figures 3a and 3b, combined with those of the films made after 
intravenous injection (not reproduced). (e) Diagram of findings in angiocardiographic films in the 
left oblique view after intravenous injection (not reproduced). 

S.V.C. = superior vena cava Ao = aorta 

L.V.C. = “left vena cava’’ X = central part of right atrium (filled through- 
R.P.A. = right branch of pulmonary artery. out during later stages of angiocardiographic 
L.P.A. = left branch of pulmonary artery. series). 

P.V. = pulmonary vein L.A. = left atrium. 

I.V.C. = inferior vena cava 


‘urrence of a faint opacification of the “left vena seconds after injection the right and left heart 


‘ava’? was noted. filled, thus demonstrating a septal defect. At four 
4. In the left oblique view after the intravenous seconds after injection the pulmonary veins began to 
injection of Diodone, partial filling of the superic” fill and a faint shadow of Diodone in the “‘left vena 
vena cava, lying anteriorly in this position, was seen cava’ was seen, this was very distinct from five and 
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TABLE 4.—Case 4 


Oz "oe nae Mean 
Satura- ee cet. Pressure 
Bon | oe (mm. 
(%) (mm. Hg) Hg) 


Tip of catheter in: 


Heart catheterization: June 

4, 1951 

Left subclavian vein 

Left anonymous vein.. 

Sup. vena cava, high (at 
root).... eee 

Sup vena cava, half way.. 

Sup. vena cava, at en- 
trance R atrium.... 

Inf. vena cava, 3 em. un- 
der diaphragm 

Right atrium, near 
S.V AS... 

Right atrium, center 

Right atrium, near A-V 
valves 

Right ventricle, center 

Right ventricle, outflow 
tract 

Right pulm. art., central 

Right pulm. art., central 

Right pulm. art., ‘“‘eapil- 
lary’’. 

Right femoral artery 


Heart catheterization: June 
11, 1951 
“Left vena cava’ 
Sup. vena cava, tip ro- 
tated upwards above 
entrance left inominate 
vein 
Sup. vena cava, tip ro- 
tated upwards above en- 
trance left innominate 
vein.. 
Sup. vena cava, high but 
below entrance left in- 
nom. vein.. es 
Sup vena cava, half way 
Right atrium, near en- 
trance inf. V.C. 
Right ventricle, central...) 9 45/0 
Right pulm. art., central 28/12 


’ 


Systemic flow/min./M? = 
4.5L. 

Pulmonary artery flow 
min./M? = 19 L. 

Efficient pulmonary flow 
min./M? = 4 L. 


one-half seconds onwards. The wide connection of 
the point of confluence of the pulmonary veins to 


the origin of the vertical “left vena cava’ was also 
seen (fig. 4C). In a late stage (7 to 10 seconds after 
injection) the atrial septum itself appeared to show 
a high defect. 

The findings on two heart catheterizations are 
given in table 4. 


Conclusion. There was drainage of all pulmo- 
nary veins into the (right) superior vena cava 
through a ‘left vena cava” and the left in- 
nominate vein, a probable atrial septal defect 
with a virtually simultaneous filling of the 
aorta and pulmonary artery, and a greatly in- 
creased pulmonary flow with normal pressure 
in the pulmonary artery. 

The pressure curves show some elevation of 
systolic pressure in the right ventricle over the 
pulmonary artery, but owing to disturbances 
in the curves caused by vibrations in the 
catheter, the exact height of the pressure 
gradient is difficult to compute, although in 
any event this is not great. On the other hand 
it is conceivable that a definite, though slight, 
pressure gradient between right ventricle and 
pulmonary artery may be due to an abnormally 
increased flow through normal pulmonary 
valves, which thus show a degree of relative 
stenosis. 

The value given in table 4 for pulmonary 
flow is excessively high (19 liters per minute 
per square meter of body surface). It should 
be kept in mind, however, that in this case as 
in the other cases of total anomalous pulmonary 
drainage the difference in oxygen saturation 
between the pulmonary artery and the systemic 
arteries is very small. The calculation of pul- 
monary artery flow from the Fick formula is 


correspondingly inaccurate. 


Case 5. R. L. a 5 year old boy, was examined in 
May, 1950 and in February, 1951.* The birth 
was normal. Feeding during the first year was 
rather difficult; gain in weight was slow, the baby 
weighing only 5000 Gm. at the end of the first year. 
The patient commenced walking at the age of 3 
years, although the efforts made were poor and he 
has been able to continue the effort for only an hour 
at a time. The history which we obtained indicated 
that he still coughs and becomes dyspneic after 


* The investigations in this case were carried out 
in the Zuiderziekenhuis of Rotterdam, in all other 
cases in the University Hospital at Leyden. 
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‘xertion and that he suffers from frequent attacks of 
sronchitis. 

On examination the patient was found to be 
backward in physical development (height 1.03 
neters, weight 16 Kg.), slightly cyanotic and to 
nave a leftsided chest deformity. A definite systolic 
murmur was heard over the whole cardiac area and 
was most pronounced in the second intercostal 
space at the left side of the sternum. The second 
yulmonary sound was very loud. The heart rate at 
est was 100 beats per minute. In the erect position 
visible pulsations in the veins of the neck were seen. 
The pulsations of the femoral artery were palpable. 
The liver and spleen were enlarged. No abnormal 
findings were discovered in the examination of the 
lungs; blood pressure was 110/80. 

Hemoglobin was 13 Gm. Erythrocytes numbered 
5,609,000 per cubie millimeter. Nothing was found 
on urinalyses except a slightly positive test for 
urobilinogen. Arterial oxygen saturation at rest was 
S1 to 85 per cent. 

The electrocardiogram showed incomplete right 
bundle branch block. 

On roentgenologic examination the heart was 
found to be greatly enlarged; study in the left 
oblique position showed this to be due particularly 
to the right ventricle. The pulmonary conus of the 
right ventricle was abnormally full, probably due 
to a dilated pulmonary artery. The aortic knob ap- 
peared to be underdeveloped. On both sides of the 
upper mediastinum weakly pulsating shadows were 
visible. These ran symmetrically on both sides of 
the spine and bulged laterally, the shadow on the 
right being the more pronounced of the two (fig. 5). 

Table 5 shows the oxygen saturation and _ pres- 
sures found on heart catheterization in May and 
February, 1951. The superior vena cava sample had 
a saturation of 87 per cent and this was much higher 
than the saturation in samples from the inferior 
vena cava. It was possible to pass the catheter 
through the innominate vein into the left superior 
vena cava, where blood with a saturation of 96 per 
cent was found. The catheter passed very easily 
through an open foramen ovale. The oxygen satura- 
tion in the left atrium was below normal, probably 
because of a right to left shunt through the foramen 
ovale. In the right atrium, right ventricle and 
pulmonary artery, the oxygen saturations were at 
ibout the same level. The systolic pressures in the 
right ventricle and pulmonary artery were dis- 
tinetly elevated. Because of the connection between 
the two superior “‘venae cavae,”’ much of the highly 
oxygen-saturated blood passed through the right 
side of the heart and recirculated through the lungs, 
hereby resulting in an overburdening of the pulmo- 
nary circulation. 

It was thought at first that the left atrium prob- 
ibly also received oxygenated blood from other 
veins of the lungs and it was decided to undertake 
in exploratory thoracotomy and, if possible, to dis- 


connect the superior venae cavae from each other. 
Dr. P. J. Kooreman performed the operation Oct. 
4, 1951. His report follows. 

“After opening the left thorax by resection of 
the fourth rib, a vessel as large as a thumb became 
visible. The wall of this structure resembled a vein. 
This vessel seemed to run from the base of the heart 
upwards into the neck. The aorta was small; the 
pulmonary artery very distended. The large vessel 


Fic. 5. Anteroposterior view of chest in case 5. 


Fic. 6. Anatomic findings at thoracotomy in case 
5 (see text). 


mentioned above lay free in its surroundings and it 
was possible to pass behind it. In its upper part this 
vessel appeared to turn to the right. In its lower 
part the vessel received the left superior pulmonary 
vein. Below the entrance of this vein the vessel ap- 
peared to turn to the right (toward the right au- 
ricle?). This vessel was ligated above the entrance 
of the superior pulmonary vein. Very shortly after 
this procedure the heart almost stopped beating. 
On quickly removing the ligature heart function be- 
‘ame normal again. A second closure of the vessel 
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with a soft clamp, again produced the same effect. 
Further attempts to close the vessel were abandoned 
and the thorax closed.” (See fig. 6.) 


Conclusion. From the experience gained we 
came to the conclusion that probably all the 
pulmonary veins from both lungs drained into 
a large vessel which we shall call a left superior 
vena cava. This vessel had no connection at all 
with the left auricle, but conducted all its 


TaBLe 5.—Case 5 


. 1D; Mean 
Systol./Diast. | p Te ee 
oem 
Pressure rece ng 


mm. Hg) Hs) 


Satura- 
_— . tion 
Tip of catheter in: co 


II 


Sup. vena cava, right, 
high (lateral) 84 
Sup. vena cava, halfway 
(lateral) 85 
Sup. vena cava, halfway 
(medial) f 94 
Sup. vena cava, low 
(medial)... 
Sup. vena cava, left, 
photo 96 
Inf. vena cava 76 
Right atrium 87, 85 
Right ventricle 83 68/9 84/10 
Pulm. artery 60/11 
Pulm. artery 
Left atrium. 
Femoral artery..... 


Systemic flow/min. = 4 L. 
Pulmonary artery flow 
min = 7.3 L. 


* The numbers I and II correspond with the first 
and second catheterization of the heart. 


blood via an innominate vein into the right 
superior vena cava. 


DISCUSSION 


It can be seen from the description of our 
‘vases that at least in one pattern of partial 
anomalous, pulmonary venous drainage and in 
one pattern of complete anomalous return of 
pulmonary veins, a clinical diagnosis can be 


made on the conventional chest roentgeno- 
gram, while confirmatory evidence may be 
obtained from both heart catheterization and 


angiocardiography. The two patterns are: (a) 
inflow of a common right pulmonary vein into 
the inferior vena cava, and (b) drainage of all 
pulmonary veins into a left vertical vein which 
empties into the superior vena cava through 
the left innominate vein. The left vertical vein 
has been called “left vena cava’ throughout 
this communication; the question of whethe: 
one is entitled to give this name to a vein, 
which in all probability does not communicat« 
with the coronary sinus, will be discussed in a 
later article. 

Partial Abnormal Pulmonary Venous Drain- 
age. The pattern of partial anomalous drainage 
described above seems to be identical with the 
arrangement of the pulmonary veins in the two 
patients described by Dotter, Hendisty and 
Steinberg.* Both patients were men, aged 27 
and 41 years, respectively. The anomaly was 
discovered more or less accidentally since the 
patients were symptom free. 

Three other closely similar cases have been 
reported by Grisham, Poppel, Simpson and 
Sussman.’ The three patients were men of 
24, 22 and 26 years, respectively. In one pa- 
tient systolic and diastolic murmurs over the 
pulmonary area and to the right of the lower 
part of the sternum were heard; in the two 
other patients only a systolic murmur over the 
pulmonary area was audible. All three were re- 
ported to have electrocardiograms showing in- 
complete right bundle branch block. One case 
was discovered on a routine roentgenographic 
examination of the chest, the others were known 
to have had cardiac murmurs from early child- 
hood. 

The diagnosis of atrial septal defect as- 
sociated with an aberrant right lower lobe 
pulmonary vein, made by Grishman and his 
co-workers in their cases, was based on the 
roentgenologic findings, in particular on  se- 
rial angiocardiograms. Although Grishman,’ 
Brahms, Gordon and King® in another article 
apparently describe more fully one of the cases 
of Grishman, Poppel, Simpson and Sussman, 
adding some oxygen values obtained by heart 
-atheterization, it still remains doubtful, in ow 
opinion, whether their case is identical with 
ours in respect to the territory drained by th« 
aberrant vein. Because of the roentgenograms 
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which show the aberrant right pulmonary vein 
extending high in the chest, and because of the 
apparently large flow through it, we feel that 
at least in our case the anomalous vein was 
draining the whole of the right lung.* 

The diagnosis made by Grishman and his 
issociates was made by Dotter and his co- 
workers. 

The associated septal defect was not con- 
‘lusively demonstrated in our case. It may 
be remarked in passing that we have felt 
recently on considering the possibility of aber- 
rant veins, that the diagnosis of uncomplicated 
atrial septal defect would seem doubtful in 
some of our earlier cases, since this diagnosis 
was based solely on oxygen saturation dif- 
ferences, and was not unequivocally demon- 
strated either in the angiocardiogram, or by 
pushing the catheter through the defect into 
the left atrium. 

It is not to be inferred that the pattern of 
partial anomalous pulmonary venous drainage 
described above is the only type which lends 
itself to clinical diagnosis, although as far as 
we have been able to ascertain, it is the only 
one that is diagnosed roentgenologically at this 
moment. Many observers,®: !° including our- 
selves, have encountered on heart catheteriza- 
tion isolated or sometimes multiple pulmonary 
veins draining into the superior or inferior vena 
cava, or into the right atrium. . 

Here again caution should be exercised in 
the diagnosis, unless the catheter is seen to pass 
directly from the right atrium, or from either 
vena cava, directly in the pulmonary vein. 
Aberrant pulmonary veins have also been seen 
during thoracotomy." So far all available evi- 
dence seems to prove that clinically and 
anatomically partial drainage of the pulmonary 
veins into the superior vena cava and right 
atrium is observed most commonly; drainage 
into the inferior vena cava seems to have been 
encountered more frequently in clinical practice 
than at autopsy. 

The clinical significance of partial anomalous 
pulmonary venous drainage is not apparently 


* This fact could have been further established by 
njecting Diodrast into a right upper lobe pulmonary 
irtery in the same way as in the third angiocardio- 
‘raphie series of our case 4. 


very great, most cases being discovered more 
or less accidentally on routine examinations 
during thoracotomy for other purposes, or in 
the course of the investigation of other as- 
sociated anomalies which dominated the clini- 
‘al picture. According to Brody! and Hughes 
and Rumore” important clinical signs may 
only be expected if more than 50 per cent of the 
pulmonary venous blood drains into the right 
atrium or its tributaries. This is in accordance 
with our finding that drainage of all the pul- 
monary veins of the right lung into the inferior 
vena cava gives rise to only a comparatively 
slight disturbance. As Brantigan'® and Conant 
and Kurland" pointed out, however, partial 
anomalous pulmonary venous drainage may 
have a serious effect when a considerable por- 
tion of a lung with normal venous drainage is 
destroyed by a pathologic process or has to 
be surgically removed. On the other hand we 
cannot share the opinion of Brantigan that a 
lung having an anomalous venous drainage 
constitutes only a burden on the right heart 
and is useless as regards the ultimate oxygen 
saturation of the blood. The oxygen uptake 
from a lung with anomalous venous drainage 
probably may be regarded as an emergency re- 
serve. Apparently there is a quantitatively 
rather normal blood flow through the abnor- 
mally drained regions, and the oxygen satura- 
tion in the pulmonary vein is as high as in any 
other part of the lung. Bronchospirometric in- 
vestigations in these cases are lacking so far. 


Total Abnormal Pulmonary Venous Drainage 


In cases 2, 3, 4 and 5 the diagnosis of 
total abnormal pulmonary venous drainage 
through a “left vena cava” into the left in- 
nominate vein and superior vena cava seems 
to be well established clinically and the con- 
ventional roentgenogram of the chest seems to 
be characteristic. Figure 99 (case 33) in Taus- 
sig’s monograph’ is virtually identical with 
the figure-8 shaped roentgenogram in our cases. 

It is evident from our series that the con- 
dition under discussion is not so rare as was 
formerly supposed; and moreover a few similar 
cases have already been reported in the litera- 
ture, although either they have lacked com- 
plete investigation, or have been given a 


c 
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slightly different label. Friedlich, Bing and 
Blount® describe one case (case 25 of their 
series), Without a roentgenologic report, which 
showed the same pattern; this is apparent from 
the findings of the heart catheterization stud- 
ies, and the briefly mentioned postmortem 
control examination. The latter revealed a 
common pulmonary venous trunk, which re- 
ceived the blood of all pulmonary veins and 
which ascended to join the left innominate 
vein. The authors add that this common trunk 
was not in close relationship to the tip of the 
coronary sinus. The foramen ovale was widely 
patent and led into a small left atrium into 
which no pulmonary veins entered. The left 
ventricle was also small. A closely similar case, 
also verified at autopsy, was reported by the 
same authors. Here all pulmonary veins joined 
a common trunk, which drained into the su- 
perior vena cava. 

Grishman, Brahms, Gordon and King* in a 
publication, which has already been men- 
tioned’ describe a case studied clinically, which 
seems to be identical with cases 2, 3, 4 and 5 
of our series. The left paramediastinal shadow 
(“left vena cava’’) was interpreted as being an 
unusually wide, aberrant left upper lobe pul- 
monary vein. The authors believed an aberrant 
insertion of all pulmonary veins to be a condi- 
tion incompatible with the continuance of life 
beyond infancy, whereas their patient of 25 
years Was asymptomatic with respect to the 
cardiovascular system. 

Another probably identical case was pub- 
lished by Johnson and McRae" under the 
diagnosis of pulmonary venous drainage into 
the superior vena cava without further speci- 
fication, as the nature of the right and left 
paramediastinal mass was not well understood. 

Lastly a schematic drawing of the same 
anatomic condition as found in the case of 
Taussig and McManus,!®: '® and in case 25 of 
Friedlich, Bing and Blount® was shown by 
Gerbode and Hultgren" in their article on ex- 
perimental arteriovenous anastomoses. All 
clinical details of their case have, however, 
been reserved for a later publication.* 

* Since this paper was submitted for publication, 
this case has been described by Parsons, Purdy and 
Bruce (20) showing the same x-ray film as in our cases. 


It may be asked why this apparently not so 
rare condition, which will probably be en 
countered more often in clinical practice one 
it becomes more generally known, is not more 
frequently seen on the autopsy table. The 
answer might be sought in the relatively sligh: 
impairment of health which this anomal 
causes so long as the septal defect is sufficientl) 
wide to sustain an adequate systemic circula 
tion. The same contrast between clinical an: 
postmortem experience is present in other con 
ditions, for example, pure pulmonary stenosi: 
which only four years ago was described as 
rare anomaly by Taussig,'’ doubtless on th: 
basis of anatomic observations, whereas in ou 
series of cases over the last two years it has 
been found as an almost common occurrence. 

It is of course quite possible that othe 
characteristic roentgenologie configurations i: 
conditions of anomalous pulmonary venous re 
turn may also exist. Apart from the two pat 
terns mentioned above we know of only one 
other, the drainage of all pulmonary veins into 
the coronary sinus. Inasmuch as the roentgeno- 
gram appears to be identical with that repro- 
duced as figure 100 in Taussig’s monograph," 
and since the diagnosis in both Taussig’s and 
our case was established through autopsy* the 
configuration may probably be said to be char- 
acteristic. It differs from the somewhat similar 
roentgenogram in atrial septal defect mainly in 
the shape of the enlarged right atrium and the 
width of the base of the heart. 

The symptoms in our cases 2, 3, and 4 of 
total anomalous drainage were thought to be 
insufficient to warrant an attempt at surgical 
relief at the time. In case 5 however an ex- 
ploratory thoracotomy was carried out, and the 
diagnosis was at least partly verified at opera- 
tion. It is conceivable that in some cases, when 
right heart failure threatens to develop, surgi- 
cal correction may be urgently required and if 


this operation should prove to be reasonably 


* Our clinical diagnosis, which was not based on 
any extensive clinical study, had been atrial septal 
defect with both left to right and right to left shunt 
The case will be included in a series of anatomic 
observations of abnormal pulmonary venous return 
to be published later. 
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safe, operative intervention at an earlier date 
vould be preferred. 

It is gratifying therefore to know that 
Muller’ was able to perform an anastomosis 
in two cases between a presumably common 
left pulmonary vein, which drained into the 
right side of the heart, and the left auricular 
appendage with complete success in one case, 
ind a good operative result (although death 
intervened) in the other case. While these 
cases probably both presented total anomalous 
drainage, they do not seem to have been of the 
same type that is described in this article. 
From this experience the conclusion may be 
drawn that surgical correction will be possible 
in our cases, although the left atrium may be 
expected to be small, both because the passage 
of blood through it is less than normal, and be- 
cause of the fact that part of the atrial wall is 
missing, which under normal circumstances 
would have been formed by the incorporation 
of the common pulmonary trunk into the 
atrium. 


SUMMARY 


1. One case of a presumably common right 
pulmonary vein draining into the inferior vena 
cava is presented. The diagnosis could be 
established by means of heart catheterization 
and angiocardiography; however, like Dotter 
and co-workers and Grishman and associates 
we found the conventional chest roentgeno- 
gram to be quite characteristic. 

2. Four additional cases in which all pulmo- 
nary veins appeared to drain into a “left vena 
cava’? connected to the right superior vena 
cava by way of the left innominate vein are 
presented. This diagnosis was again based on 
the results of heart catheterization and angio- 
cardiography (with verification during thora- 
cotomy in one case) but could be made with 
apparently complete certainty on the grounds 
of the figure-8 shaped configuration in the con- 
ventional chest roentgenogram, as was shown 
by the constancy of this picture in our own 
‘ases and the close similarity to some other 
cases found in the literature, notably that of 
Taussig and MeManus. 

The opinion is expressed that this condition 
will prove to occur more frequently in clinical 


0 


practice than has been formerly suspected 
from anatomic observations. 

3. In addition to the aberration of all pul- 
monary veins, a septal defect must be present, 
which from both the known anatomic observa- 
tions and on embryologic grounds (the latter 
will be discussed in a later paper), can be ex- 
pected to be a patent foramen ovale or another 
type of atrial septal defect. In our case 5 the 
heart catheter was actually passed through this 
opening; in another (case 4) the overflow from 
the right atrium to the left appeared to be very 
likely on the angiocardiogram in the left ob- 
lique position. In cases 3 and 4 a venous hum 
was heard in the region of the superior vena 
‘ava (which coincides with the aortic area) 
while a distinctly different systolic murmur, ac- 
companied by a thrill, was heard at the left 
lower sternal border. In cases 2, 3 and 4 virtu- 
ally simultaneous filling of aorta and pulmonary 
artery was seen after the injection of Diodrast. 
In view of the presence of a high pulmonary 
pressure and a very distinct, though narrow, 
aortic shadow in case 2, the possibility of an 
Eisenmenger complex was discussed. In all 
cases an increased pulmonary flow and a slight 
to moderate oxygen saturation of the arterial 
blood were present, indicating both left to 
right and right to left shunts. The diagnosis in 
vase 5 was further substantiated by exploratory 
thoracotomy. 

4. Associated anomalies were found in case 
2 (situs inversus abdominis) and case 3 (in- 
fundibular stenosis); furthermore a doubtful 
(relative?) pulmonary stenosis in case 4 was 
thought to be present. 

5. Clinical symptoms were relatively slight 
but surgical correction may be desirable es- 
pecially if right heart failure supervenes. The 
work of Muller is cited in this respect. 

6. Apart from the two typical patterns of 
abnormal pulmonary venous drainage men- 
tioned, only one other type showing a charac- 
teristic configuration in the conventional chest 
roentgenogram is known to us. This is the type 
in which all pulmonary veins drain into the 
coronary sinus. The roentgenogram, found by 
us in one case, which will be discussed in a 
Jater article, appears to be identical with that 


found by Taussig in a case proved by autopsy. 
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The Diagnosis of Congenital Subaortic 
Stenosis 


Application of Hemodynamic Principles 


By Brernarp L. Brorman, M.D., AND Harotp Ferm, M.D. 


Optically recorded subclavian pulse curves obtained with a simple cup-tambour system give 
graphic evidence of aortic valve mobility. Differentiation between congenital subaortic stenosis and 
aortic stenosis was aided by the demonstration in the former of a sharp incisura accompanied by 
a good aortic second sound; these two features were lacking or rudimentary in the latter. Despite 
marked auscultatory findings, there is usually little hemodynamic impairment in subaortic stenosis. 


URGICAL treatment of stenotic valvular 
lesions! requires definitive diagnosis. The 
clinical differentiation of aortic stenosis 
from congenital subaortic stenosis has always 
presented certain difficulties. Such factors as 
age of onset, history of rheumatic fever, and 
the quality of the second aortic heart sound 
have aided in the differentiation.?-> 
Review of the literature indicates that sub- 
aortic stenosis is not rare. According to Abbott® 
subaortic stenosis occurred as a primary lesion 
in 1.2 per cent of 1000 autopsied cases of con- 
genital heart disease (as compared with an 
incidence of 9.2 per cent for patent ductus 
arteriosus). 
Since Chevers’ original description of sub- 
aortic stenosis in 18427 numerous case reports 
of the lesion with and without associated anom- 
alies have appeared.*: *: *-'" The relative rarity 
of the isolated lesion at autopsy as compared 
with its clinical incidence suggests the benig- 
nity of subaortic stenosis. It is also probable 
(hat minor degrees are missed at autopsy. 
The congenital nature of the lesion described 
hy Keith is generally accepted.'*: '® Subaortic 
stenosis is analagous to infundibular stenosis in 
ihe right ventricle in that it probably repre- 
sents an arrest of involution of the bulbus cor- 
lis. Usually a fibrous ridge or bar just below 
he semilunar valves extending 1 mm. to 1 
‘m. into the ventricular cavity, it consists of 


From the Department of Medicine, Western Re- 
erve University and the University Hospitals of 
‘leveland, Cleveland, Ohio. 


much elastic and hyalinized connective tissue 
covered by intact flattened endothelium. The 
turbulent passage of blood through the nar- 
rowed region may produce some of the fibrous 
component of the lesion in adults. Figure 1 
demonstrates the gross appearance of the lesion 
in uncomplicated congenital subaortic steno- 
sis, while in figure 2 tetralogy of Fallot asso- 
ciated with subaortic stenosis is shown. Note 
that the aortic valve itself is not found to be 
involved. 

Grishman, Steinberg, and Sussman! collected 
23 cases of aortic and subaortic stenosis. They 
stressed the importance of pulse tracings and 
phonocardiograms but did not attempt to 
differentiate aortic from subaortic stenosis. 
Young? presented 10 cases of subaortic stenosis 
discovered clinically in routine examination of 
1800 soldiers. He stated that in this condition 
the anacrotic pulse of aortic stenosis is not 
present. Brown*? has attempted to differentiate 
between congenital aortic and congenital sub- 
aortic stenosis on the basis of clinical signs. 
Kiloh?! after study of 15 patients with pure 
aortic stenosis, all under the age of 50, stated 
that the lesion is probably not rheumatic and 
‘annot be differentiated from subaortic steno- 
sis (except possibly by angiocardiography). 

Levine and Harvey® pointed out that in 
subaortic stenosis there is a loud systolic mur- 
mur of greatest intensity in the aortic area 
associated with a thrill transmitted over a 
broad area. As contrasted with aortic stenosis, 
the aortic sound is not decreased and may be 
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accentuated because the aortic valve is not 
involved. Friedberg? described the murmur as 
loud and harsh in the second right intercostal 
space and radiating to the cervical region. He 
published an excellent carotid pulse curve and 
phonocardiogram showing the characteristic 
features. 


Fic. 1. Gross autopsy findings in uncomplicated 
subaortic stenosis. Note fibrous ridge (arrow). A 66 
year old male who died suddenly following onset of 
severe precordial pain. (Courtesy Dr. C. K. Friedberg 
and the Department of Pathology of Mount Sinai 
Hospital, New York.) 


GENERAL PRINCIPLES 


The pulse curve obtained from the subclavian 
artery retains all of the characteristics shown 
in the aortic pulse.” In the normal, the steep 
rise is interrupted by an anacrotic notch or 
peak due to the sudden increase in velocity of 
ejection (fig. 3). The curve rises to a rounded 
peak (maximum ejection). A fall in pressure 
denotes reduced ejection. A sharp incisura fol- 
lows (ventricular relaxation), after which one 
or several small vibrations are observed due to 
closure of the semilunar valves. During diastole 
another wave of longer period may be seen. 

In aortic stenosis (fig. 4) the subclavian 


pulse curve begins with a sharp, steep ascent 
which continues to a level of about one-thir:| 
to one-half of the height of the upstroke. 

It ends with a vibration similar in character 
to that occurring in the normal pulse, differing 
only in that this primary peak occurs relatively 
low on the ascending limb instead of at the 
top. After this primary vibration, the curve 
rises more slowly, differing from the normal i; 
that the summit is not reached in mid-systole 
but near the end of systole. The gradual ascei) 


Fig. 2. Tetralogy of Fallot associated with sub- 
aortic stenosis. A 4 year old female with congenital 
cyanotic heart disease, type undetermined premor- 
tem. Typical ridge (arrow) completely encircling 
subaortie area; lumen was 3 em. in circumference in 
this region. (Courtesy Institute of Pathology, West- 
ern Reserve University.) 


is broken by small vibrations, irregular in am- 
plitude and period, which is the graphic repre- 
sentation of the systolic murmur and thrill 
of aortic stenosis. On the catacrotic side the 
fall resembles much the ascent in gradient. 
The sharp incisura is either lacking or rudi 
mentary, and there are no sharp after-vibra- 


tions since the valve rigidity prevents prope 
closure. 


The above description of the pulse in aorti 
stenosis may be applied to the pulse of sul 
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ortic stenosis except that the diastolic fall is 
more rapid and there is a sharp incisura, fol- 
lowed by the normal after-vibrations (fig. 5). 
‘Thus, obstruction to ejection produces the an- 
.crotiec vibrations, but the normal aortic valve 
closure produces vibrations caused by the sud- 
den impact of the blood column on the valve. 
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Fig. 3. Normal pulse curves and heart sounds. A 
30 year old physician. The tracings shown are: sub- 
clavian pulse, radial pulse, heart sounds over aortic 
area, and over pulmonic area, and electrocardiogram, 
lead II. The incisura is somewhat lower than usually 
seen in normals. (Discussion in text.) 
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Ii aortic stenosis the leaflets are fused and rigid 
aid no vibrations are seen. The evidence of a 
faint or absent second heart sound favors the 
dixgnosis of aortic stenosis, but a second sound 
muy be due to a transmitted pulmonary valve 
closure. The subclavian pulse curve then gives 
d-finite and graphic evidence of the presence 
0! absence of aortic valve mobility. 
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. The application of these principles has aided 
us in distinguishing between aortic stenosis and 
congenital subaortic stenosis, and has further 
served as a basis in evaluating certain aspects 
of the hemodynamics of subaortic stenosis. 
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Fic. 4. Aortic stenosis. A 50 year old female with 
long-standing rheumatic heart disease. Shown are: 
subclavian pulse, radial pulse, heart sounds over aor- 
tic area, and electrocardiogram, lead II. (Discussion 
in text.) 


Metuops AND MATERIALS 


In a large series of patients withfacquired or 
congenital heart disease, optically-recorded arterial 
pulse tracings were obtained in those with suspected 
aortic valve obstruction. Subclavian and radial 
artery pulse tracings were obtained by means of a 
cup-tambour system using a Frank segment capsule 
and optical registration as described by Wiggers.”4 
Heart sound recordings and electrocardiograms 
obtained with a Sanborn Stethocardiette were 
superimposed. 

Using the method described by Katz and Feil,?5 
the duration of isometric contraction and _ total 
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systole were determined in selected cases. Pulse 
transmission time from subclavian to radial artery 
was measured by noting the difference in time of 
the upstroke in the two pulse curves. 
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acteristically located over aortic area and trans 
mitted toward the great vessels. 


2. Normal physical and mental development 
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Fic. 5. Subaortie stenosis. Characteristic subclavian and radial artery pulse tracings, and aortic 
and pulmonic area heart sounds in 10 cases studied. (In cases 8, 9, 10 only the subclavian pulse tracings 
are illustrated; in case 3, the radial pulse is omitted; in cases 6 and 7, there are only aortic area heart 


sounds. 
RESULTS 


In the past two years, 10 patients with 
suspected congenital subaortic stenosis have 
been observed. All pulse curves were consid- 
ered characteristic of this lesion. 

Their ages ranged from 3!4 to 37 years. 
All 10 (four females and six males) had the 
following features in common: 

1. Heart murmur present from birth. The 
murmur, accompanied by a thrill, was char- 


3. Nosymptoms or disability referable to the 
lesion. 

4. Minimal or no left ventricular enlarge- 
ment on cardiac fluoroscopy. 

5. Blood pressure within normal limits. 

The pertinent data in these cases were as 
follows: 

Case 1. A 15 year old boy (high school foot- 
ball player) had a blood pressure of 116/88 
and an electrocardiogram showing left ventric- 
ular hypertrophy. 
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Case 2. A 12 year old boy with a blood pres- 
ure reading of 110/70 showed left ventricular 
ypertrophy in the electrocardiogram. 


Case 3. A 10 year old boy, had had resection 
nd repair of coarctation of the aorta. Electro- 
‘ardiogram showed left ventricular hyper- 
‘vophy before resection of coarctation and left 
uxis deviation after. 


Case 4. A 7 year old girl had a blood pres- 
sure of 110/70 and left axis deviation in the 
clectrocardiogram. 


Case 5. A 27 year old woman had blood pres- 
sure of 120/70 and a normal electrocardiogram. 
Patient had had a full-term pregnancy. 


Case 6. A 26 year old man with blood pres- 
sure of 130/70 showed early left ventricular 
hypertrophy in the electrocardiogram. 


Case 7. A 37 year old male truck driver had 
a blood pressure reading of 130/90 and a 
normal electrocardiogram. 


Case 8. A 29 year old woman laboratory 
technician had a blood pressure of 110/70 
and showed early left ventricular hypertrophy 


in the electrocardiogram. 


Case 9. A 9 year old boy had a blood pres- 
sure of 80/60 and a normal electrocardiogram. 


Case 10. A 15 year old girl with a blood pres- 
sure of 105/70 had a normal electrocardiogram. 

The pulse tracings and heart sounds are 
shown in figure 5. 

Comparison of the pulse curves with the 
normal reveals the characteristics to be found 
in subaortic stenosis. The accompanying sys- 
tolic murmur and definite aortic second sound 
associated with the incisura are considered di- 
agnostic. In one patient (case 3) the recorded 
aortic second sound is of poor quality although 
the dicrotie notch is present. 

Duration of isometric contraction, total sys- 
tole, and pulse wave transmission time were 
determined in cases 1, 2, 4, 5, 6 and 7 (table 
| 


In the six cases studied, the period of iso- 
metric contraction was well within normal lim- 
its2> Total systole and time of pulse wave 


transmission from subclavian to radial artery 
were also within normal limits. 

Cardiac catheterization was performed in 
case 1 to rule out any associated anomaly. 
Pressures in the pulmonary artery, right ven- 
tricle, and right auricle were found to be nor- 
mal. Cardiac output was 6.5 liters per minute. 
Brachial artery mean systolic pressure, directly 
recorded, was 89 mm. Hg. All values were 
within normal limits. 


Hemodynamics 


Certain interesting aspects of the hemody- 
namics of subaortic stenosis and of aortic steno- 
sis may be inferred by liberal and approximate 
application of the formula derived by Gorlin 


TABLE 1.—Duration of Isometric Contraction, Total 
Systole, and Pulse-Wave Transmission Time in Six 
Patients with Suspected Congenital Subaortic Stenosis 


Isometric | Transmission 


“ese . aakl “a Cycle | Time 
Case Contraction Total Systole Length | (Subclavian 
(sec.) : 
to Radial) 


0.04 .32 0.80 0.10 
0.025 .285 | 0.80 | 0.08 
0.04 30 0.65 0.09 
0.04 31 0.82 0.09 
0.025 3805 0.79 0.11 
0.025 .28 0.70 0.08 


and Gorlin?® for calculation of the cross-sec- 
tional area of the aortic valve: 


AVA = a at 
tips CX 44.5 -SLVem — BAsm 


AVA aortic valve area in sq. em. 
AVF aortic valve flow in cc./second 


Cardiac output 
systolic ejection period in seconds/minute 





= left ventricular mean pressure in mm. 
Hg during systolic ejection 

= brachial systolic mean pressure in mm. 
Hg 

= empiric constant (although this has 
not been derived it is assumed to be 
1 for purpose of this paper). 
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The following values obtained during cardiac 
‘atheterization of case 1 may be substituted: 


Cardiac output = 6.5 liters/minute 
Systolic ejection = 25.2 seconds’ minute 


Therefore 
AVF = 260 cc./second 
By integration from directly recorded bra- 
chial pressure curve: 


BA, = 89 mm. Hg 


Substituting these values in the formula we 
obtain 


oF 
AVA = = 


~ 445 /LV., — 89 


aes 
AVA? +89 


or LV = 


We can now solve for LV. by substituting 
assumed values for AVA: 


Assumed AVA LV, 


4 sq. cm. 


2 sq. em. 


91 mm./ Hg 
98 mm./ Hg 
123 mm./Hg 
226 mm./ Hg 
639 mm. Hg 


1 sq. em. 

0.5 sq. em. 

0.25 sq. em. 
These may be plotted: 


600- 


400_ 


LVSM 
200- 


ee a a 
Ava - cm? 

Thus subaortic (or aortic) narrowing would 
be expected to produce little significant in- 
crease in the left ventricular systolic ejection 
mean pressure until the valve opening was less 
than 1 sq. cm. 


DISCUSSION 
It has been shown previously”: * that the 
aortic orifice must be reduced to less than 


one-fourth of its natural size in experimental! 
animals before systolic discharge, the blooc 
pressure, or the pulse pressure are affected. 
Compensation in aortic stenosis is obtained by 
increased diastolic volume and intraventricular 
pressure which causes a more forceful systolic 
contraction and restoration of normal stroke 
output in accordance with Starling’s Law.** I) 
aortic stenosis the isometric contraction perio:| 
is slightly prolonged, the ejection phase an: 
total systole are considerably prolonged, thus 
compensating for the reduced rate of ejection.” 

In this series of cases of subaortic stenosis, 
isometric contraction is well within normal lim- 
its, if not somewhat shortened.** Total systole 
and pulse wave transmission time do not ap- 
pear to be prolonged. 

The superimposition of irregular vibrations 
on the ascending limb of the central pulse 
curve corresponds to the systolic murmur and 
may be present even though the valve area is 
adequate. It should be emphasized that a loud 
murmur and definite alteration of the pulse 
wave contour are not necessarily evidence of 
dynamic impairment of cardiac ejection. Pre- 
sumably the outflow tract of the left ventricle 
would have to be narrowed to less than 1 sq. 
em. before any significant load was thrown 
upon the left ventricle. Rarely is such a degree 
of subaortic stenosis found. 

It has long been obvious that a ventricle 
with a congenital stenosis of its outflow tract is 
able to sustain a higher pressure than that in 
acquired valvular stenosis. In this laboratory 
we have observed systolic pressures as high as 
200 mm. Hg in the right ventricle in patients 
with isolated congenital pulmonic stenosis with 
no evidence of failure. The hypertrophy asso- 
ciated with congenital stenosis may be con- 
sidered developmental as well as compensa- 
tory so that the cardiac reserve presumably is 
relatively normal. 

In general it may be said that in isolated 
congenital subaortic stenosis there may be little 
or no left ventricular enlargement. The electro- 
cardiogram may be within normal limits or 
show left ventricular preponderance.*® Two of 
our cases (cases 1 and 2) showed a very tall 
R wave and terminally inverted T wave in the 
lateral precordial leads. 
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The presence of a definite incisura followed 
by after-vibrations gives good evidence of aortic 
valve closure. When a good second sound is 
a-sociated with a definite incisura and when 
the history of a murmur since birth is obtained 
the diagnosis of subaortic stenosis is readily 
established. 

The need for clear differentiation of con- 
genital subaortie stenosis from aortic stenosis 
is obvious. The surgical considerations are such 
that aortic valvular stenosis, congenital or ac- 
quired, appears to be amenable to surgery, 
whereas subaortic stenosis is probably not. The 
prognosis of uncomplicated subaortic stenosis 
is much better than that of acquired valvular 
disease and the lesion may in fact produce little 
or no disability. Although in some cases of 
subaortie stenosis the turbulent passage of 
blood through the narrowed region may pro- 
duce some of the fibrous component, the steno- 
sis is not progressive as is the acquired valvular 
lesion. Death from congestive failure in un- 
complicated subaortic stenosis occurs late in 
life. 

teports of subaortic stenosis combined with 
mitral valve disease have appeared in the 
French literature.*!: * It appears probable that 
these are cases of acquired endocarditis extend- 
ing to the subaortie area. Chevers’ originally 
stated, 

“The part of the orifice immediately below the 
valves is probably less frequently the seat of marked 
organic lesions than any other portion of the aortic 
outlet: still, it is liable to become generally rigid 
and contracted from inflammatory change; and one 
portion of its compass—the upper part of the larger 
part of the mitral curtain which is attached to the 
bases of the two aortic valves—is occasionally 
found coated with masses of fibrinous or other 
deposit: this layer of fibrous structure is also apt 
to become hardened and rather contracted, after 
attacks of endocarditis, and in cases of disease 
affecting the left auriculoventricular orifice; in this 
way forming a cause of narrowing of the lower part 
of the aortic ostium, which I believe to be frequently 
overlooked.” 


This involvement of the aortic cusp of the 
mitral valve, producing a type of subaortic 
stenosis, may account for the anacrotic vibra- 
tions of the subclavian pulse and the basal 
s) stolie murmur occasionally present in “pure” 
n'tral stenosis. 


SUMMARY AND CONCLUSIONS 

The clinical diagnosis of congenital subaortic 
stenosis can be made with greater certainty 
with the aid of optically recorded arterial pulse 
tracings. Subaortic stenosis is distinguished 
from aortic stenosis by the presence in the 
former of a sharp incisura accompanied by an 
aortic second sound of good quality. Pulse 
tracings obtained in 10 patients fulfilling the 
clinical criteria for congenital subaortic steno- 
sis demonstrated the characteristic features. 
The phonocardiograms demonstrated the typi- 
cal systolic murmur. In one case the aortic 
second sound was only fairly well heard. The 
10 patients, ranging in age from 314 to 37 
years, had no symptoms referable to the con- 
genital lesion. 

The clinical frequency of this lesion as com- 
pared with the autopsy incidence suggests its 
benignity in the uncomplicated form. The con- 
genital lesion probably represents an arrest of 
involution of the bulbus cordis, leaving a fibrous 
ridge below the semilunar valves. The hemo- 
dynamics appear to be such that ordinarily the 
left ventricle is not greatly burdened by con- 
genital subaortic stenosis. In the absence of 
subacute bacterial endocarditis or associated 
anomalies, there is little disability and the 
prognosis is relatively good. Congestive failure 
is a late complication. 

Subaortic stenosis should be distinguished 
from aortic stenosis in that the latter may be 
amenable to surgical treatment. 
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Studies of the Mitral Valve. I. Anatomic 
Features of the Normal Mitral Valve 
and Associated Structures 


By Ian E. Rustep, M.D., Cuartes H. Scuerrtey, M.D., anp Jesse E. Epwarps, M.D. 


This study attempts to bring into focus certain details which have not been described adequately 
in textbooks of anatomy. This information is now of considerable significance because of its role in 
the genesis and surgical treatment of mitral stenosis. Variations in the size and shape of the mitral 
valve are described, with particular reference to the fact that valve commissures, or junctional 
zones between the leaflets, occur in the normal valve. Measurements of commissures, chordae 
tendineae and valve leaflets are presented, with a discussion of the significance of some of these 


measurements. 


NTIL recent years, descriptions of the 
mitral valve in anatomic textbooks 
were entirely adequate. With the im- 

provided by the work of Murray,' of 

Bailey? and of Harken and associates,* opera- 


petus 


tions for the relief of mitral stenosis are be- 
coming commonplace. Because of this, any 
anatomic which might affect the 
indications for operation, the technic used, 
or the postoperative prognosis would seem 
worthy of more careful consideration. The 
nature of such anatomic factors and a discus- 
sion of their significance form the basis of this 
communication. 


factors 


MATERIALS AND METHODS 


Fifty normal hearts were examined. The speci- 
mens, which had been fixed in formalin following 
necropsy, were selected from cases in which there 
Was no evidence of cardiac disease. In some cases 
there were moderate degrees of coronary athero- 
sclerosis but where there was any evidence of myo- 
cardial infarction the specimen was excluded. There 
were 25 men and 25 women, five men and five women 
from each decade between the ages of 30 and 79 
years. 

\leasurements were made of the following struc- 
tures constituting or associated with the mitral 
valve: (1) the anterior cusp of the mitral valve from 
its central portion, or apex, along a perpendicular 
lin» to its base; (2) the posterior cusp, at a cor- 

ponding site; (3) the diameter of the valve from 

Read at the meeting of the American Association 

Anatomists, Providence, Rhode Island, March 21, 

2. 
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anterolateral to posteromedial commissure, that is, 
the greatest diameter of the orifice; (4) cireumference 
of the valve ring, with the heart opened; (5) the 
depth of the junctional tissue, or commissures, 
between the two cusps, measured from their free 
edges to the valve ring; (6) the length and thickness 
of certain chordae tendineae. In measuring thick- 
ness of chordae, main stems, that is, origins of these 
structures, were avoided, their branches being 
measured. 

A pair of dividers with fine points and an ordinary 
ruler with subdivisions of 0.1 em. were used, in a 
conscious effort to use a simple, practical method of 
making measurements. If a structure, usually a 
chorda tendinea, was inaccessible it was excised and 
placed across the ruler in order to obtain a more 
accurate measurement. In general, therefore, meas- 
urements were probably not in error by more than 
0.02 or 0.03 em. 

Before considering the results obtained, our dis- 
cussion of their significance will be made easier by 
quoting from Cunningham’s Text-book of Anatomy. 
Of several standard texts that were examined, this 
was found to contain the most detailed description 
of the mitral valve. This description reads, in part, 
as follows: “The two cusps [of the mitral valve] are 
triangular and of unequal size. ... The bases of the 
cusps are either continuous with each other at their 
attachments to the fibrous ring around the mitral 
orifice, or they are separated by small secondary 
cusps of irregular form and size... .” It should be 
noted that the reference to the continuity of the 
cusps at their bases suggests that there is little or no 
valvular tissue separating them, unless a secondary 
type of cusp exists. In other words, one might be 
justified in assuming that the point of contiguity 
could be at the valve ring. Grant® referred briefly 
to “a short cuff” of tissue at this site, but we have 
no details as to the frequency of its occurrence, its 
size or its significance. 

Figure 1 shows a normal mitral valve which has 
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been opened by an incision which passes through the 
posterior cusp. Where the anterior cusp ends there 
is a small junctional zone of valvular tissue which 
merges with the posterior cusp. The term ‘“‘com- 
missure” has never been applied to this area, 
although a standard definition of the word ‘“com- 
missure” is given as “‘a junctional zone.”’ Another 
definition refers to ‘‘areas joined together,” and this 
seems to have been the one intended by Glover, 


Fic. 1. A normal mitral valve, opened by an in- 
cision through the middle of the posterior cusp. Ar- 
rows indicate the junctional zones or commissures 
between the two cusps of the valve. 


TABLE 1.—Measurements (in Cm.) of Normal Mitral 
Valves (50 Hearts) 
Men (25 subjects) | Women (25 subjects) 
Structures measured 


Aver- Ranee Aver- 


eae ae Range 


Anterior cusp. . . 2.3 .6- 2.9 | 2. 
Posterior cusp... 1.3 6- 2:38: 1:1.3 
Anterolateral 

commissure . 
Posteromedial com- 

missure 
Intercommissural 

diameter 2-2 .9- 3. 2. .5- 3.0 
Circumference of 

valve ring.......| 9.§ Bg , 3 .£ .5-10.5 


Bailey and O’Neill® when they stated that mitral 
disease causes the commissures to become an ana- 
tomic reality. For reasons which will be made 
clearer later, we believe that the commissures, the 
tissue joining the two mitral leaflets, should be 
considered as anatomic realities in the normal valve. 
In a modified sense, the area of fusion of leaflet 
edges caused by rheumatic disease may also be 
valled an artificial or pathologic commissure. 


RESULTS 

Table 1 contains details of the measure- 
ments made in the manner described under 
Materials and Methods. In none of the hearis 
examined did the valve orifice extend all the 
way to the ring; that is, there was always some 
junctional or commissural tissue between the 
two cusps of the mitral valve in this series of 
cases. With very few exceptions the depth of 
this tissue ranged between 0.5 and 1.0 era. 
The figures representing the intercommissural 
diameter of the valve, with the heart held in 
the closed position, show a considerable range 
above and below the equivalent of two finger- 
breadths (roughly 2.5 to 3.5 em.). Thus, a 
valve less than two fingerbreadths from com- 
missure to commissure is not necessarily 
stenotic, while one that admits two fingers 
may be mildly stenosed. In half of the cases the 
anteroposterior diameter of the orifice averaged 
1.5 em., but the manner in which most of the 
specimens had been opened made this measure- 
ment. difficult and the results are therefore not 
accurate. 

It has been our experience that accessory 
cusps between the two major leaflets are 
seldom seen (approximately 5 per cent of 
cases). Frequently the posterior cusp was 
notched, and it is possible that other observers 
have considered one of these subdivisions of 
the posterior cusp as separating the main 
portions of the anterior and posterior cusps. 
In doubtful cases we have used the papillary 
muscles and chordae tendineae to designate 
the site of the commissure, thus helping to 
make clear where the posterior cusp begins. * 

In table 2 are seen the measurements of 
chordae tendineae extending from each papil- 
lary muscle to the corresponding commissure. 
In one case there was an anomalous absence 
of chordae from the anterolateral muscle to 
the region of the commissure. In another 
instance this commissure was attached directly 
to the apex of the papillary muscle, thus ac- 
counting for the zero figure in table 2. The 
other groups of chordae tendineae measured 
were those which are so important in main- 


* See Addendum. 
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taining the competency of the mitral valve: 
that is, those chordae going from the papillary 
muscles to the apex or central portion of the 
arierior cusp. 

it is convenient to remember that the thick- 
ness of all individual chordae was less than 
0.! em. In two thirds of the cases there was a 
th cker chorda from each muscle (or group 
of muscles) inserting near the central portion 
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may flow into the aorta. We are able to see 
in this photograph a fibrous band within the 
endocardial layers of the valve, running along 
its line of closure. Most of the chordae tendineae 
appear to insert into this fibrous band. That 
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this is not always the case is shown in figure 2b, 
where the chordal insertions into the anterior 
cusp can be seen to pass through the substance 
of the leaflet for a considerable distance. Many 


TABLE 2.—Measurements (in Cm.) of Chordae Tendineae in 50 Normal Hearts 


Location Length 
Aver- 
age 
To anterolateral commissure............| 1.4 | 0.3-2.5 
To posteromedial commissure............. 1.7 | 0.8-2.5 


From anterolateral muscle to apex of 
anterior cusp... 


From posteromedial muscle to apex of 
anterior cusp..... 














Men (25 subjects) 


BRS are, 2.1 | 1.3-3.0 


Sarees 5s 2.2 | 1.3-3. 


Fic. 2a. A normal mitral valve with the anterior cusp transilluminated to show that most of the 


Women (25 subjects) 


Thickness Length 


Aver- Range Range 


age age age Range 


0.05 | 0.02-0.07 | 1.0 | 0 -1.7 | 0.05 | 0.02-0.07 
0.05 | 0.02-0.07 | 1.3 | 0.9-1.8 | 0.05 | 0.02-0.07 
0.05 | 0.02-0.09 | 1.6 | 1.0-2.3 | 0.05 | 0.02-0.08 


0.04 | 0.02-0.07 | 1.8 | 1.2-2.2 | 0.04 | 0.02-0.07 


chordae tendineae insert at or near the free edge of the valve. Arrows point to the fibrous band 
referred to in the text. (b) Transillumination of the anterior cusp of a normal mitral valve to show 
that many of the chordae tendineae from both papillary muscles pass through most of the valve cusp, 


in some cases as far as the valve ring. 


of the anterior cusp, its diameter averaging 
0.09 em. and ranging from 0.06 to 0.16 em. 
In Cunningham’s textbook! it is pointed out 
that the ventricular surfaces of the valve 
leaflets are roughened by the attachments of 
the chordae tendineae. In Gray’s’ textbook it 
is stated that “nearly all the chordae tendineae 
Which reach [the anterior cusp] are attached 
near the margin of this cusp which, therefore, 
is smooth on both its surfaces. ...” Figure 2a 


shows the latter arrangement, which is said 
te provide a smooth surface over which blood 





variations of both patterns have been observed. 
In the posterior cusp, the chordae usually 
traverse most of the distance through the 
cusp toward its base. In both leaflets the 
majority of chordae tendineae insert into the 
free edge and have been called “chordae of 
the first order’ to distinguish them from the 
chordae of the second order,’ which end in 
endocardial folds on the ventricular aspect of 
the leaflets 0.3 to 0.6 cm. from the free edge. 
The chordae of the first order are best seen in 
figure 1 while those of the second order are 
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shown in figure 3. The latter are usually 
larger in diameter than the former. Between 
them there may be no other chordae or there 
may be one or more branches that originate 


from one or both of the two major groups of 
chordae. Sometimes these intermediate groups 


Fig. 3. A normal mitral valve, seen from below, 
with chordae of the second order inserting into the 
ventricular surface of the anterior cusp a few milli- 
meters from its free edge. 


Fic. 4. Anterolateral portion of a stenosed mitral 
valve with a single papillary muscle immediately 
below the pathologic commissure formed by fusion 
of the edges of the cusps. The chordae tendineae 
form a network or hammock leading upward from the 
muscle to the commissure. 


of chordae arise independently from the 
papillary muscles. 

Concerning papillary muscles, the textbooks 
state simply that they are two in number, one 
superior and one inferior. We have observed 
that papillary muscles have a consistent rela- 
tionship to the valve commissures and there- 
fore suggest that they be similarly designated, 


that is, anterior (or anterolateral) and posterior 
(or posicromedial). Following a study of 200 
normal hearts, we have already reported? that 
the anterior papillary muscle was _ usualiy 
single and that in more than 70 per cent of 
cases it contained a groove which led in the 
direction of the commissure immediately above 
the apex of the muscle. At the posteromedi:| 
location there were two or three muscles (or 
one muscle with two or three heads) in move 
than 60 per cent of the cases. In almost every 
instance there was a close relationship between 
the muscles and the adjacent commissure. 

Figure 4 illustrates the way, in this instance 
ina heart with mitral stenosis, in which chordie 
tendineae may form a pathway to guide a 
palpating finger to the commissure. In normal 
hearts this guiding feature is encountered less 
frequently at the posteromedial than at the 
anterolateral site, a fact which may be related 
to the slightly greater distance between the 
muscles and the commissure. (See table 2.) 
Also, multiple muscles at the posteromedial 
location tend to cause gaps between the 
groups of chordae arising from them, and 
these gaps are larger than when a single 
muscle is present. 

Additional Measurements. The thickness of 
the left atrium, in areas away from the thinner 
portions surrounding the entry of the pulmo- 
nary veins and excluding fatty epicardium, 
averaged 0.18 cm. (range: 0.1 to 0.3 cm.) as 
compared with the figure of 0.3 em. quoted in 
Gray’s’ textbook. The thickness of the mid- 
portion of the left ventricle averaged 1.3 cm. 
in women (range: 1.0 to 1.6 em.), and 1.5 em. 
in men (range: 1.2 to 1.8 em.). The 1.8 cm. 
reading was obtained in a 30 year old man 
with normal blood pressure. The depth of the 
left ventricle was measured from the base of 
the posterior (noncoronary) cusp of the aortic 
valve to the apex of the left ventricular cavity. 
In women the measurements averaged 6.7 cm. 
(range: 5.4 to 8.5 em.) and in men 7.3 cm. 
(range: 5.6 to 9.5 em.). 


COMMENT 


In discussing the significance of the struc- 
tures and muscles referred to, possibly the 
first question that might be asked would be 
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Why is it important to consider mitral com- 

missures as special parts of the mitral valve? 
30, Why is it desirable to differentiate be- 
ween the commissure which is present nor- 
vailly and the additional artificial commissure 
at may be produced by fusion of the cusp 
iges? 


Almost all the surgeons doing operations on 
the mitral valve have stressed the importance 


o| avoiding incisions or tears at any region 
other than at the commissures. If the method 
o! “finger fracture” is employed, the fact has 
to be accepted that the weakest point will be 
the one to separate. If it were possible to 
predict whether a thickened commissure would 
separate with ease or only with difficulty a 


necropsy specimens we have observed that 
this supposition is usually defensible, and 
this is one reason for distinguishing between the 
normally existing commissure and the deeper 
pathologic commissure. 

Whether or not a thickened commissure, 
with no fusion of cusps, can be broken will 
depend on the severity and distribution of the 
rheumatic changes. Very often it is the more 
severely involved valve with brittle com- 
missural tissue that can be “fractured” rather 
than the valve with nonbrittle, fibrous com- 
missural tissue. 

If the commissure is relatively normal there 
is obviously no necessity for incising or ‘‘frac- 
turing” it. This may seem a superfluous con- 


Fic. 5a. A stenosed mitral valve, as seen from above. (b) The valve shown in a after the heart had 
been opened. Note the thickening of the chordae of the first order. The stiffness of these chordae 
made it difficult for the valve to open. The anterolateral commissure, at the left, has been incised to 


help demonstrate its normal appearance. 


considerable contribution would be made to 
the equanimity of surgeon and patient. De- 
pending on the severity and the distribution of 
the rheumatic changes, there may be a small 
amount of fusion of the cusps (causing a fish- 
mouth type of stenosis) or there may be a 
great deal of fusion, reducing the orifice to 
a buttonhole shape. Remembering that the 
depth of the commissure in the normal valve 
averaged 0.7 to 0.8 cm. and was never more 
than 1.3 em. in our series, the surgeon palpating 
a stenosed mitral valve may conclude that a 
commissure deeper than 1 em. is made up part- 
ly of fused cusps. It seems logical that a 
commissure made up partly of fused cusps might 
separate more easily than a thickened commis- 
stre with no fusion of cusps. In a number of 


sideration and one would wonder how there 
can be any stenosis of the mitral valve if the 
commissures are normal. 

Figure 5a shows the stenosed mitral valve 
in an adult in whom there had been rheumatic 
fever in childhood. On physical examination 
there were presystolic and systolic apical 
murmurs and the patient also had auricular 
fibrillation. Cardiac decompensation developed 
gradually and increased until death occurred 
from congestive cardiac failure. 

Figure 5b shows the appearance of the 
opened valve in this case and demonstrates the 
fact that considerable stenosis of the mitral 
valve can exist in the presence of commissures 
that are normal. The valvular dysfunction 
seemed to have been caused by chordal 
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changes. The thickening of the chordae of the 
first order prevented normal excursion of the 
valve leaflets and therefore was the basis for 
mitral stenosis. In this instance the chordae of 
the second order were only mildly affected, but 
other cases have been observed in which these 
chordae were the most severely involved, 
others in which both sets were equally involved 
and still others in which all groups of chordae 
were fused in a solid sheet of stiff fibrous tissue, 
constituting the main source of valvular 
dysfunction. Such cases, therefore, belong to 
the group—fortunately in the minority—in 
which operations on the commissures would be 
unsuitable and they present another reason for 
recognizing the presence of commissures in 
normal mitral valves and the role which they 
may or may not play in the genesis of mitral 
stenosis. 


SUMMARY 


1. Measurements have been made of the 
component parts of the normal mitral valve 
and its associated structures in 50 human 
hearts. 

2. The significance of certain of these 
structures and their measurements is discussed, 
with special reference to the normal occurrence 
and size of the valve commissures. 

3. Commissural tissue between the major 
cusps of the mitral valve averages 0.7 to 0.8 
cm. in depth. In mitral stenosis this tissue may 
remain essentially normal; it may contribute 
to the stenosis by becoming thick and stiff, 
or its depth may be artificially increased by 
fusion of the adjacent margins of the leaflets. 
It is suggested that this last cause of dysfunc- 
tion may be suspected if the commissural 
zones are more than 1.0 cm. in depth. 


ADDENDUM 


Shortly after the presentation of this material 
there appeared a communication by Harken 
and associates.'? In this they stated on the 
basis of observations made on 35 normal 
hearts, that ‘‘two additional triangular projec- 
tions are commonly found that might be 
called the ‘anterior and posterior commissural 
leaflets.’ Four triangular leaflets, arranged 


circumferentially, constitute the mitral valve.” 
Of the two smaller leaflets they say that “their 
function in maintaining the integrity of the 
redundant portions of the two larger valve 
leaflets in systolic closure would seem to he 
considerable.” The foregoing pattern was 
seen in 75 per cent of their cases and in the 
remaining cases any variation was “principally 
in the size and shape of the ventricular leafl 
in relation to the two commissural leaflets.” 

The foregoing findings led us to examine 5) 
additional hearts for the presence of accessory 
cusps. The results, based on the combined 
total of 100 cases, remain essentially unchange:| 
from our brief statement in the text. In 5 of 
the 100 normal hearts there were very tiny 
projections which conceivably could be called 
“accessory cusps” at one or both commissural 
sites. In 50 cases the posterior (or ‘‘ventricu- 
lar’) cusp was not significantly notched. How- 
ever, 14 per cent of the cases showed two 
projections in the portions of the posterior 
cusp adjacent to the commissures. There was 
one such projection in an additional 28 cases. 
In 13 of these 28 cases the notching existed at 
the anterolateral portion of the posterior cusp 
and in the other 15 at the posteromedial por- 
tion. In three cases the indentation was at 
the central portion of the cusp so that if the 
two projections were called ‘commissural 
leaflets” there would be nothing to designate 
as the posterior or “ventricular” cusp in these 
cases. In each of five cases four so-called cusps 
constituted the posterior leaflet. 

In many of the valves there were no actual 
indentations but the valve tissue was folded, 
or actually pleated, so as to create redundant 
portions. It does seem that such redundant 
portions and so-called accessory cusps would 
add to the integrity of the mitral valve during 
systole. However, these features were absent or 
inconspicuous in half of our cases even though 
these hearts apparently functioned as well as 
the others. For this reason and because of the 
additional variations encountered we feel it 
is sufficient to remember that there are two 
major cusps in the mitral valve, the posterior 
of which may be regular or irregular along its 
free margin. It is unusual for an accessory cus) 
to separate the two major cusps. 
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The Effects of Vasomotor Drugs and of 
Anemia upon Interarterial Coronary 
Anastomoses 


By Paut M. Zoi, M.D., Aanp Leona R. Norman, M.D., with THE TECHNICAL 
ASSISTANCE OF SIDNEY CASSIN 


The development of functionally significant interarterial coronary anastomoses was measured in 
349 voung domestic pigs by injecting the coronary arteries with the lead-agar mass of Schlesinger. 
By this technic well-developed anastomoses were absent in 132 normal control animals. Among the 
agents tested, acute coronary artery narrowing, sodium nitrite and anemia were effective in stimu- 
lating anastomoses. Anastomoses first began to appear two days after narrowing; they became 


larger and more frequent after seven days. 


HE CLINICAL effects of coronary 
artery occlusion—angina pectoris, myo- 
cardial infarction and congestive failure 
predominate among the cardiovascular dis- 
asters that present themselves repeatedly to 
the physician. It has become apparent, how- 
ever, that obstruction of the coronary arteries 
does not always produce symptoms: in some 
cases significant clinical and pathologic evi- 
dence of myocardial damage may be absent 
despite longstanding occlusive lesions in the 
coronary arteries.'’;?) This apparent incon- 
sistency is explained by the demonstration of 
larger than normal, functionally significant 
interarterial coronary anastomoses in these 
human hearts.* 

Other collateral pathways that have been 
described consist of intracardiac communica- 
tions between the coronary arteries, capillaries 
or veins and the chambers of the heart and 
also of extracardiac anastomoses between the 
coronary arteries and pericardial, mediastinal, 
pleural and pulmonary vessels.4:* None of 
these extracoronary collateral channels has 
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as yet been clearly demonstrated in human or 
animal studies to be functionally significant in 
offsetting the effects of coronary artery oc- 
clusion.® 7 

Knowledge of the speed of development of 
interarterial coronary anastomoses and of the 
conditions that affect it is of great practical 
importance in the immediate management of 
coronary artery disease. The obstruction to 
coronary blood flow by an occlusive process 
and the compensatory development of inter- 
arterial coronary anastomoses are two oppos- 
ing factors the resultant of which determines 
the anatomic basis for coronary blood flow. 
The effects of coronary artery disease on coro- 
nary blood flow and, thereby, on changes in 
the myocardium and their clinical expressions 
depend in large measure on the relative magni- 
tude and speed of development of these two 
processes. If interarterial anastomoses could be 
produced by any means so that the coronary 
arteries were no longer functionally end- 
arteries, clinical manifestations of coronary 
disease would be much less frequent or severe. 

In previous studies* interarterial coronary 
anastomoses were produced experimentally in 
the young domestic pig by acute narrowing of 
a coronary artery. The coronary collateral circ- 
ulation that developed after such a sudden 
narrowing in an otherwise normal heart was 
effective in protecting the myocardium from 
the effects of a superimposed complete oc- 
clusion. The experimental method also per- 
mitted determination of the length of time 
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necessary for the development of these inter- 

coronary anastomoses. 
The experimental investigations reported 
‘low were designed to determine (1) the pre- 
se length of time necessary to establish a 
lateral coronary circulation after acute 
wrowing of a coronary artery, (2) the effect 
on the development of anastomoses of drugs 
mmonly used in the treatment of angina 
etoris and myocardial infarction and (3) 
ie effect of pre-existing anemia. The possible 
neficial effect of anemia in stimulating coro- 
iry collateral circulation was suggested by 
revious Clinical and pathologic studies.*: ° 


Mertuops AND TECHNIC 


The basis for the choice of animal and the meth- 
ods and technic used in this study are reviewed 
here briefly. They have been presented in detail in 
the previous report.* 

Choice of animal. Domestic pigs were used because 
their hearts ordinarily do not show interarterial 
coronary anastomoses when injected with lead-agar 
mass according to the technic developed by Schles- 
inger.!° Fine anastomoses of slight extent were 
found in only 2 of 134 normal pig hearts injected by 
this method. Furthermore, in 24 experiments sud- 
den marked narrowing or complete ligation of a 
major coronary artery always resulted promptly in 
death of the pig. In dogs, however, intercoronary 
anastomoses were often found normally and acute 
coronary arterial ligation did not always produce 
infarction or kill the animal.!'-® Following initial 
narrowing of the right coronary artery to an ap- 
propriate degree, extensive functionally significant 
anastomoses developed in the pig. After a suitable 
interval of time complete ligation was usually tol- 
erated without death or massive infarction. Upon in- 
jection of the coronary arteries the right coronary 
artery distal to the complete occlusion would be 
filled by retrograde flow with lead-agar mass from 
the other coronary arteries. The results with this 
experimental method in the young domestic pig 
parallel the events in the human patient with coro- 
nary disease: interarterial coronary anastomoses of 
‘unetional significance are initially absent but may 

demonstrated to develop within a suitable time 

‘erval after narrowing of a coronary artery. 

Operative technic. In the present study, young 

s weighing from 5 to 10 Kg. were used. After 

‘medication with 0.5 mg. atropine sulfate, anes- 

‘sia was produced with open-drop ether and main- 

ned with endotracheal ether and oxygen. The 

it was exposed by an incision through the third 
fourth right intercostal space. The pericardium 

s opened; the right coronary artery was carefully 

ssected from its bed 1 to 2 em. from its origin, 


and two strands of number 1 Deknatel were passed 
under it (fig. 1). A steel wire probe 0.8 mm. in 
diameter was placed alongside the vessel and one of 
the ligatures was tied snugly around both the wire 
probe and the artery. The probe was then removed, 
leaving the vessel narrowed approximately to the 
diameter of the wire. The duration of the temporary 
complete occlusion averaged about 20 seconds. The 
second thread was tucked inside the pericardium 
and the chest was then closed in layers, with full 
inflation of the lungs and aspiration of residual 
pneumothorax. The entire procedure was usually 


Fic. 1. Technic of partial narrowing of right 
coronary artery by ligation of Deknatel over 0.8 
mm. wire probe. 


completed in 20 to 30 minutes, and the animals were 
awake and ambulatory within another 20 minutes. 
After a time interval of two, four, or seven days, the 
incision was reopened and the second ligature was 
located. It was then tied tightly so as to occlude 
completely the right coronary artery at the site of 
the previous narrowing. Animals that survived the 
complete occlusion were sacrificed four hours later. 
In some animals only one of these two operative 
steps was performed. 

Administration of drugs and production of anemia. 
Some pharmacologic agents that are thought to have 
a vasodilator or vasoconstrictor action on the coro- 
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nary circulation were given intramuscularly to ani- 
mals two or three times daily to study any possible 
effect in stimulating anastomoses. In no instance did 
the drug itself appear to have an adverse effect upon 
the animal. The doses of the medications were 
similar to those administered to animals by other 
investigators or larger than those used in clinical 
practice. They were aminophylline (theophylline 
ethylenediamine), 15 mg. per kilogram; papaverine, 
5 mg. per kilogram; quinidine sulfate, 20 mg. per 
kilogram; khellin,* 50 mg. per dose; sodium nitrite, 
100 mg. per dose; vasopressin (Pitressin), 2.5 pres- 
sor units per dose; adrenocorticotropic hormone 
(ACTH) 5 mg. per dose. 

In addition, anemia was produced in a group of 
21 animals by repeated small bleedings from the 
jugular vein with the animal under light ether anes- 
thesia.'* Depending on previous hematocrit levels 
and the condition of the animal, the amounts of 
blood withdrawn varied from 50 to 150 ml. and the 
intervals between venesections ranged from one to 
six days. The level of anemia was measured by hema- 
tocrit determinations. Hematocrit levels, which aver- 
aged 41 per cent in normal pigs, were reduced after 
bleeding to 13 to 29 per cent, with an average of 21 
per cent. These anemic levels were maintained with 
little variation in all animals for 7 to 14 days. The 
anemic animals were weak and puny and did not 
gain weight normally. 

In one group of experiments the drugs or anemia 
were applied for long periods without prior coronary 
artery narrowing. An agent effective in this way may 
be regarded as having a prophylactic action in pro- 
tecting the myocardium against the results of sub- 
sequent coronary artery occlusion. Sodium nitrite 
was given to four animals for two weeks, papaverine 
to eight animals for four to six weeks, and amino- 
phylline to seven animals for three to six weeks; 
similarly anemia was maintained in 14 animals for 
one to two weeks. Finally, the right coronary artery 
was completely occluded without preliminary nar- 
rowing in some of these animals to test possible 
survival. The remaining animals were sacrificed 
without any coronary artery surgery. 

In other experiments the drugs were given only 
during the interval between initial coronary artery 
narrowing and death of the animal from final com- 
plete occlusion or sacrifice. This procedure tests 
the therapeutic effect of the agent in speeding the 
rate of development of anastomoses after the onset 
of coronary artery narrowing and parallels the man- 
ner in which these drugs usually are given clinically. 

Pathologic methods. The coronary arteries were 
examined post mortem according to the injection 


*The khellin used in this study was ‘‘Eskel,’’ 
trademark for a product supplied for the investiga- 
tion by Smith, Kline and French Laboratories 
through the courtesy of Mr. C. W. French. 


plus dissection technic of Schlesinger.’ The lef: 
descending, left circumflex and right coronary ai 
teries were cannulated and injected separately wit 

differently colored, lead phosphate—agar mass. Whe 
the right coronary artery had not been ligated ant 

mortem, it was occluded during the injection so as t 

make all the injections comparable and to mak 
more evident even a slight retrograde anastomoti 
filling of the distal vessel with mass of any colo 

The heart was then unrolled so that all the coronar 

arteries lay in one plane, a roentgenogram wa 
taken and the arteries were dissected with the aid « 

the film. 

The lumen of the right coronary artery was mea: 
ured by calibrated probes at the narrowed area an! 
also at adjacent normal segments. The origin: 
diameter of the right coronary artery measure: 
between 1.8 and 2.2 mm.; the vessel was always 
completely occluded by the second ligature. The 
degree of narrowing produced was fairly uniform, 
being generally from 15 to 35 per cent of the origina! 
cross sectional area, the range previously found’ to 
be effective in stimulating anastomoses. The myo- 
cardium was examined for gross infarction and 
necrosis and representative sections were taken foi 
microscopic study. 

Criterion of anastomosis. A variety of criteria have 
been used as measures of the presence of functionally 
significant intercoronary anastomoses. They include 
transfer of injected materials of many varieties 
between coronary arteries, increased survival of ani 
mals and reduction in electrocardiographie abnor- 
malities or area of infarcted muscle following coro 
nary artery occlusion. The anatomic demonstration 
of anastomoses by a lead-agar injection mass which 
is confined to the arterial tree was the criterion 
selected in this study. In previous studies anas- 
tomoses demonstrated by this technic have been 
found to be functionally significant in obviating the 
effects of coronary artery occlusion; furthermore, 
they are generally absent in normal human or pig 
hearts.*: 8 

According to criteria previously described* anas- 
tomoses were determined upon careful examination 
of the injected vessels with the aid of the roent 
genogram in three ways: (1) by finding a mixture of 
colors of the injected lead-agar mass; (2) by the 
presence of mass of any color distal to the occluded 
right coronary artery or (3) by demonstrating 
continuous, macroscopic arterial pathway between 
two coronary arterial branches. Anastomoses wert 
readily graded quantitatively in distinct groups 
Slight (1+) anastomosis consisted of a few particles 
of mass in the peripheral portion of the right coro 
nary artery or of a barely visible, usually incom 
pletely injected connecting loop between two 
branches. Moderate (2+) or marked (3+) anas 
tomosis consisted of extensive filling, incomplet 
(2+) or complete (3+), of the peripheral portion o 





Fig. 2. Roentgenograms of injected pig hearts showing varying grades of anastomoses distal to 
occlusion of right coronary artery: (a) slight (1+); (b) moderate (2+); (c) marked (3+) 
anastomoses. 
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the right coronary artery, usually with a mixture of 
colors. In figure 2 examples of these three degrees of 
anastomosis are shown. The two greater degrees of 
anastomosis represent large, well-developed anas- 
tomoses that were never found in normal untreated 
pigs. Slight (1+) anastomoses were found only 
rarely in normal pigs (2 of 134 hearts). Extensive 
anastomotic fill of moderate (2+) or marked (3+) 
degree was used in this study as the most satisfac- 
tory criterion of interarterial coronary anastomoses. 
Use of this criterion permits determination of anas- 
tomoses in large groups of animals that need not be 
subjected to surgical ligation of the coronary ar- 
teries. 

Although survival of the animal after complete 
ligation of a coronary artery depends primarily on 
functional interarterial anastomoses, many other 
unrelated factors influence it significantly. The phys- 
ical vigor of the animal, the depth, duration and 
smoothness of anesthesia and endotracheal insuffla- 
tion, the duration and difficulty of the procedure, 
the amount of manipulation of the heart and its 
fibrillation threshold, the precise level of the liga- 
ture,!> and the occurrence of various surgical acci 
dents and complications, such as hemorrhage and 
atelectasis, may all affect survival and their relative 
importance is often difficult to assess accurately.!® 
In our series survival after complete occlusion did 
correlate roughly with the demonstration of anas- 
tomoses by the injection technic, but it was con- 
sidered a much less satisfactory criterion. 

The effect of drugs on coronary collateral cir- 
culation has been measured by the extent of acute 
myocardial infarction as observed grossly on the 
surfaces of the heart.!7-'® Accurate measurement of 
infarets is difficult, however, because of their ir- 
regular, wide borders and variable extent on the two 
surfaces and intramurally.2° The wide variation of 
size of infarcts under apparently uniform conditions 
also makes size of infarction a relatively unsatis- 
factory criterion.”! 

Electrocardiographic tracings of standard, bipolar 
limb leads I, II, and III were taken at frequent in- 
tervals during both operative procedures and _ par- 
ticularly at the times that the coronary artery was 
dissected, narrowed and occluded. The observed 
changes in rhythm, in T waves, S-T segments and 
QRS complexes were those generally recognized as 
representing varying degrees of myocardial irrita- 
bility, ischemia, injury and necrosis. The electro- 
cardiographie abnormalities were useful in indicat- 
ing the degree of coronary artery narrowing and in 
foretelling the likelihood of death or survival of the 
animal. But they were not satisfactory measures of 
anastomoses and could not be used as criteria of the 
effect of drugs upon coronary blood flow. 

Statistical method. Because of the many variables 
involved in this study, the number of animals in 
any one category was necessarily small. Further- 
more, anastomoses were infrequent or absent in 
many of the control groups. The ‘“‘exact test” of 


Fisher*™ was therefore applied to determine whether 


the observed frequencies of anastomoses in test 
groups and control groups differed significantly. 
Itshould be emphasized that this — statistical 
method depends on the “null hypothesis,” and an- 
swers the specific question: “On the hypothesis that 
there is no difference between two groups, could a 
difference as large as the one observed be the result 
of random variation?” A probability less than 5 per 
cent (p < .05) may be considered as a negative 
answer to this question and proves the presence of a 
statistically significant difference. An affirmative 
answer (p > .05) is not evidence of a lack of differ- 
ence between the two groups, but merely indicates 
that there is no evidence about it in the data. The 
statistical method can demonstrate a_ significant 
difference, but it cannot demonstrate the absence 
of a difference between two groups.” 


{ESULTS 
Table 1 presents the results obtained in this 
study of 349 animals. Although the experi- 


ments fall into a large number of groups, they 
may conveniently be regarded as consisting 


of three general classes. In an untreated group 


(“eontrol” column) the natural incidence of 
anastomoses in unoperated animals and the 
speed of their development after initial narrow- 
ing were observed. A second group (‘‘pro- 
phylactic group”’) was treated prophylactically 
by drugs or anemia; the production of anasto- 
moses by these measures was noted without 
prior coronary artery narrowing. A third group 
(remainder of table 1) was treated with drugs 
or anemia during the interval between initial 
coronary artery narrowing and death; in these 
animals the combined effects of narrowing plus 
medication on anastomoses were observed. 


Control Animals 


The control experiments consisted of two 
groups of animals that were not treated with 
drugs or anemia. 

(1) One group was composed of 134 norma! 
pigs that were not subjected to surgery and 
were not treated with any drug or other agent. 
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Extensive (2+ or 3+) anastomoses were not gical accidents or from excessive coronary 


found in any of these animals and only two artery narrowing. Slight (1+) anastomoses 
of them showed slight (1+) anastomoses, so were found in one of these 11 animals, an in- 


that the natural or spontaneous incidence of cidence which does not differ significantly from 


anastomosis of any degree was established at the control group (p = .23). The development 
| per cent. 






of anastomoses is first apparent two days after 









TABLE 1—Results in 349 Pigs of Narrowing, Drugs and Anemia upon Interarterial Coronary Anastomosis 
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Number of survivors after complete occlusion. 
Significantly different from control group. 













(2) The second group was composed of 40 initial narrowing in the finding of 2 of 12 hearts 
mtrol animals in whom varying intervals up with extensive anastomoses (p = .0006). The 


i» seven days elapsed between initial narrow- natural rate of development of anastomoses 


iig of the right coronary artery and death. in untreated animals is reflected in the in- 
leven of them died within the first day after creasing incidence of 2+ and 3+ anastomoses 


1e initial operation from anesthetic or sur- from two to seven days after narrowing. Ex- 
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tensive anastomoses, however, are not very 
frequent until after 12 days; they were found 
in 7 of 12 animals that survived 12 to 21 days 
after initial narrowing.’ Application of these 
results in young pigs to clinical situations in 
adult human patients is precarious. They sug- 
gest, however, that in pigs anastomoses begin 
to develop early but full protection from them 
cannot be generally expected before 12 days 
or more after coronary artery narrowing or 
occlusion. 


Animals Treated Prophylactically before Coro- 
nary Artery Narrowing or Occlusion 


In this group of experiments the effect of 
potent vasomotor drugs and of anemia upon 
intercoronary anastomoses was tested prior 
to the production of a local need for anastomo- 
sis by coronary artery ligation. An agent that 
could stimulate the development of inter- 
arterial coronary anastomoses even before the 
appearance of coronary atherosclerosis would 
obviously be of great clinical value in the pro- 
phylactic treatment of coronary disease. Re- 
peated dilatation of the coronary capillary bed 
by a potent vasodilator might, for example, 
lead to the enlargement of the normally present, 
but functionally inadequate, fine intercoronary 
anastomoses. 

Sodium nitrite, papaverine and aminophyl- 
line were given to 18 animals over intervals 
of two to six weeks before acute complete coro- 
nary artery occlusion (table 1). Anastomoses 
were found in one of the four animals treated 
with sodium nitrite but in none of the others. 
This single instance of 2+ anastomoses in 
one of four pigs treated with sodium nitrite is 
significantly different from their complete 
absence in the control group of 134 pigs 
(p = .03). 

A comparable effect of papaverine or amino- 
phylline on anastomoses was not observed. 
No anastomoses were found in eight animals 
treated with papaverine and in seven treated 
with aminophylline. To demonstrate a signifi- 
cant positive effect (p < .05) upon anastomoses 
of any agent in comparison with the control 
group of 134 hearts, at least one instance in 
seven hearts of 2+ or 3+ anastomoses would 
be necessary. To demonstrate the absence of 


an effect of these agents on anastomoses, they 
must be contrasted with some factor, such as 
coronary artery narrowing, which does stim- 
ulate anastomoses. Calculations show that. it 
would require at least 40 experiments without 
any 2+ or 3+ anastomoses to demonstrate 
that these agents differ significantly (p < .05) 
from the slight positive effect of preliminary 
narrowing of two days’ duration. 

When the data already obtained are con- 
trasted with the marked effects of prolonged 
narrowing of 12 to 21 days, statistical analysis 
shows that papaverine and aminophylline 
are significantly less effective in stimulating 
anastomoses (p = .O1 and .02). 

In a similar manner vasopressin was admin- 
istered for four days to three animals. Its 
powerful coronary vasoconstrictive effect might 
be expected to produce myocardial ischemia 
comparable to preliminary coronary artery 
narrowing and might, thereby, stimulate anas- 
tomoses. All three animals, however, died 
promptly after acute occlusion of the right 
coronary artery and none showed interarterial 
coronary anastomoses. The number of ex- 
periments was too small, however, to demon- 
strate the presence or absence of an effect of 
vasopressin upon intercoronary anastomoses. 
Here also, at least one positive result in seven 
experiments or a total of 40 negative experi- 
ments would be required to prove the presence 
or the absence, respectively, of a significant 
effect of vasopressin upon anastomoses. 

The effect of anemia, uncomplicated by 
coronary artery narrowing, was tested in 14 
animals. Four pigs died of excessive blood loss 
or anesthesia before undergoing surgery. Of 
the remainder, eight died immediately follow- 


ing acute occlusion of the right coronary artery, 


but two survived acute occlusion and were 
sacrificed four hours later. Upon injection of 
the coronary arteries two hearts with well- 
developed (2+) anastomoses were found among 
the 14 anemic pigs. This observation is of high 
statistical significance whether compared with 
the absence of 2+ anastomoses in the 134 
control hearts (p = .008) or, disregarding de- 
gree of anastomosis, with two instances of 1+ 
anastomoses in the 134 controls (p = .04). 
No further correlation was found in_ these 








34 
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experiments between interarterial coronary 
anastomoses and variations in the degree or 
duration of anemia. 


Therapeutic Effect of Agents Following Initial 
Coronary Artery Narrowing 


In this series of experiments the effect of 
vasomotor drugs, of adrenocorticotropic hor- 
mone and of anemia upon the rate of develop- 
ment of interarterial coronary anastomoses was 
tested at varying intervals of time following 
initial, adequate coronary artery narrowing. 
The drugs were administered immediately 
prior to and following the initial procedure of 
coronary artery narrowing and three times 
daily thereafter until the animal died or was 
sacrificed. Anemia was produced by repeated 
venesections for one to several weeks before 
the initial operation. The effectiveness of these 
agents was assessed by comparing animals 
treated with the various agents with untreated, 
control animals kept the same time interval 
between initial narrowing and final complete 
occlusion with respect to the incidence of ex- 
tensive anastomoses. Particular emphasis was 
placed on the two-day interval between nar- 
rowing and occlusion because this was the 
shortest interval in which extensive (2+ or 
3+) anastomoses were found in control ex- 
periments. 

In 14 animals treated with sodium nitrite, 
aminophylline, quinidine, khellin or adreno- 
corticotropic hormone death occurred within 
a few minutes to 24 hours after initial narrow- 
ing. The number of injections of drugs ranged 
from one dose given before the operative pro- 
cedure to three doses given in the first 24 hours. 
In only one instance were extensive (2+) 
anastomoses found: this animal was given one 
injection of sodium nitrite before operation 
and it died 13 minutes after narrowing of the 
right coronary artery to 25 per cent of its 
riginal area. These results with sodium nitrite 
ire not significantly different, however, from 
he findings in the remaining treated or un- 
reated animals that died within the first day 
ifter initial narrowing (p = .16). 

Among the remaining experiments with time 
ntervals from two to seven days between 
nitial narrowing and final occlusion, sufficient 
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time elapsed to permit a number of doses of 
drugs to be given. A significant difference be- 
tween the untreated and control experiments 
in all these groups was found only in the 
animals treated with sodium nitrite during a 
two-day interval between narrowing and oc- 
clusion. The significant comparison was in the 
incidence of 3+ anastomoses in this group and 
all the other control or drug-treated animals 
in the two-day series (p = .008). No other drug 
showed a favorable or retarding effect upon 
the rate of development of anastomoses in this 
or any other time interval. Although anemia 
was found in the prophylactic study to stim- 
ulate anastomoses, a significant additive effect 
of the two factors of anemia and narrowing 
was not observed. In the presence of the posi- 
tive effect of narrowing, a very large number 
of experiments is required to demonstrate an 
additional positive factor of slight or moderate 
effectiveness. 


Immediate Effect of Vasomotor Drugs on Coro- 
nary Arterial Spasm 


During the operative procedure it was ob- 
served that some of the drugs had an im- 
mediate effect upon coronary arterial spasm. 
When the right coronary artery was isolated 
and the threads passed under it, marked spasm 
of the arterial wall was usually noted in the un- 
treated animal. In animals treated with khellin, 
aminophylline and sodium nitrite, vasospasm 
of this type in response to local manipulation 
was usually much less marked or entirely ab- 
sent. This type of observation was not quanti- 
tated, but it appeared to be generally true and 
was observed repeatedly. The relation of these 
observations to the development of inter- 
arterial anastomoses was not investigated in 
this study. Such effects upon vasomotor con- 
trol of the coronary arteries may well be of 
some clinical importance. 

Electrocardiograms taken at frequent inter- 
rals during the procedures offered evidence 
substantiating the demonstration of anasto- 
moses by the injection technic. In animals in 
whom no anastomoses were subsequently 
found, marked S-T and T-wave changes usually 
appeared following complete ligation. Slight 
changes occurred after complete ligation in 


840 INTERARTERIAL CORONARY ANASTOMOSES 


animals with extensive anastomoses. When 
anastomoses developed which protected the 
heart against the effects of complete final liga- 
tion, relatively little myocardial damage and 
little electrocardiographie changes were pro- 
duced. As previously indicated, however, 
neither anatomic myocardial damage nor elec- 
trocardiographic change was a suitable index 
of the adequacy or rate of development. of 
interarterial coronary anastomoses. 


DISCUSSION 


In these experiments the length of time neces- 
sary for the development of interarterial coro- 
nary anastomoses was determined in the young 
pig and the effects upon it of various commonly 
used drugs and of anemia were assessed. Funce- 
tionally significant anastomoses began to ap- 
pear very shortly after initial narrowing in 
otherwise untreated, control animals: they were 
found occasionally within two days after nar- 
rowing and with increasing frequency in seven 
days. These new, functionally significant col- 
lateral pathways may form by the dilatation 
of previously existing, finer capillary com- 
munications or by the growth of entirely new 
vessels. The rapidity of their appearance, 
within two days after narrowing, does not con- 
travert either mechanism. Rabinovici and 
Fine™ found macroscopic evidence of new blood 
vessels crossing from adherent omentum to 
bowel wall within three days after occlusion 
of a mesenteric artery or vein. Within six hours 
they saw a new capillary crossing a large 
thrombus and a perithelial reaction about capil- 
laries suggesting a process of conversion to 
arterioles. 

Of all the drugs studied sodium nitrite alone 
was found to speed the rate of development of 
anastomoses. It was effective when given 
prophylactically to normal pigs and also when 
given after coronary artery narrowing. These 
results indicate that vasodilator drugs of this 
type may have clinical value in addition to 
their transient vasomotor action: they may 
change the fundamental anatomy of the coro- 
nary system by stimulating interarterial anasto- 
moses so that the coronary arteries are no 
longer functionally end-arteries. 


Anemia was also an effective stimulus for 
the occasional production of interarterial coro- 
nary anastomoses in the absence of coronary 
arterial narrowing. This finding confirms ex- 
perimentally in the domestic pig previous 
clinico-pathologic 


observations in humans 
that anemia stimulates interarterial coronary 


anastomoses® and increases coronary perfusion 
rates.’ From these observations it appears that 
anemia may occasionally have a_ beneficial 
effect in coronary artery disease. Anastomoses 
stimulated by pre-existing anemia (either 
spontaneous or purposefully induced anemia) 
may protect the myocardium from the effects 
of coronary artery occlusion and diminish or 
obviate entirely clinical symptoms of coronary 
disease. It is well recognized, however, that 
anemia of marked degree or rapid develop- 
ment may aggravate clinical symptoms. of 
coronary artery disease and even precipitate 
myocardial infarction.°> Deleterious effects 
of anemia on the myocardium have been re- 
ported by us and by others as well.*: * Our 
previous observations indicate that the po- 
tentiality of anemia to stimulate intercoronary 
anastomoses is intimately related to its capacity 
to produce myocardial damage. Anemia may 
stimulate anastomoses by producing tissue 
anoxia and vasodilatation; if the anemia is of 
marked degree, however, irreversible tissue 
damage may occur. Although these two ab- 
normalities are produced by varying degrees 
of cardiac anoxia from any cause, nevertheless 
they do not always appear together. In some 
instances anastomoses produced by anemia are 
sufficiently protective to forestall or diminish 
the development of myocardial damage even 
in the presence of severe coronary artery dis- 
vase. A critical degree of anemia may be found 
which will stimulate anastomoses and yet will 
not result in significant myocardial lesions. 
Anemia may then conceivably have some thera- 
peutic application in the treatment of patients 
with coronary artery disease. 

Unfortunately, none of the agents studied 
exhibited a striking or constant effect in 
stimulating interarterial coronary anastomoses. 
Extensive anastomoses were not produced uni- 
formly or even in the majority of animals in 












any of the experiments. Anemia, drugs and 
even previous coronary artery narrowing can- 
not be relied upon with assurance to prevent 
the dire effects of coronary artery occlusion or 
to hasten the time of re-establishment of ade- 
quate coronary blood flow. The inconstancy 
of suecess in producing anastomoses suggests 
that unrecognized factors may be of critical 
importance in this process. The degree and 
duration of narrowing have been established 
as important factors. Whether the degree and 
duration of anemia are of major or great im- 
portance appears questionable from the pre- 
liminary observations made in this study and 
in the clinicopathologic study of human ma- 
terial.* 

It must be emphasized that only one very 
special attribute was tested of the various 
agents examined, namely, their effect upon the 
speed of development of interarterial coronary 
anastomoses as measured by the special 
methods of this study. Many other characteris- 
tics more or less unrelated to this attribute 
might be more important in determining their 
applicability to clinical situations. Such factors 
include effect on blood flow in the coronary 
bed distal to a narrowing or occlusion, relative 
effect on coronary and systemic vasodilatation 
and effect on cardiac output. For example, 
their lack of effect on anastomoses notavith- 
standing, several of the drugs did reduce local 
coronary arterial spasm following local irrita- 
tion. These drugs may thus be of clinical value 
to patients with coronary artery disease by 
mechanisms unrelated to their effect on inter- 
coronary anastomoses. 

These experiments reaffirm the efficacy of 
coronary artery narrowing, or of relative car- 
diac anoxia produced by any means, in stim- 
ulating anastomoses. They do not, however, 
bear on the basic mechanisms by which this 
is accomplished. The length of time necessary 
to establish collateral coronary circulation 
after acute coronary arterial narrowing in 


voung pigs has been established more pre- 
‘isely. This technic may therefore be used as 
a tool to investigate many of the problems con- 
cerning interarterial coronary anastomoses that 
are still unsolved. 
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SUMMARY 


The length of time necessary for the de- 
velopment of interarterial coronary anasto 
moses and the effects upon it of some vaso- 
motor drugs and anemia were determined in 
349 pigs by an injection plus dissection study 
of the coronary arteries. 

Functionally significant anastomoses first ap- 
peared two days after narrowing of a coronary 
artery and became more frequent after seven 
days. 

Sodium nitrite showed significant effect in 
stimulating anastomoses when given prophy- 
lactically to normal pigs and when given thera- 
peutically after coronary artery narrowing. 
Anemia also stimulated anastomoses. signifi- 
‘antly in normal pigs and occasionally pro- 
tected animals against subsequent acute 
coronary artery occlusion. 
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Kincephalomyocarditis 


By Orro Sapuir, M.D. 


Simultaneously occurring inflammations of the cerebrospinal system and myocardium are rare if one 
excludes poliomyelitis. The encephalomyocarditis virus and related strains have been shown to pro- 
duce such lesions. Three instances in man are related and the reasons for a possible virus origin of this 
disease entity are given. A plea is made for virus studies in other pertinent cases. 


HE PURPOSE of this study is to draw 

attention to a disease entity in man 

which resembles that observed by 
Schmidt,’ and Schmidt and Helwig® in apes, mice 
and hamsters. We have observed three in- 
stances of this condition which only very rarely 
has been cescribed in man. Though attempts to 
isolate an infectious agent, in particular a virus, 
were futile, it seems most likely that the disease 
was caused by a virus. 

If one excludes poliomyelitis, information in 
regard to a virus which may cause both en- 
cephalitis and myocarditis in man is exceedingly 
scanty. Not only are there now a number of 
cases of poliomyelitis on record showing mi- 
croscopic involvement of the myocardium 
with or without pertinent electrocardiographic 
changes, but also very recently Jungeblut and 
Edwards! were able to isolate poliomyelitis 
virus from both the spinal cord and the heart 
in two patients. Ungar? studied an instance of a 
diffuse interstitial myocarditis combined with 
epidemic encephalitis. Brenning* reported three 
clinical observations on encephalomyocarditis, 
stressing a rather sudden onset with marked 
anxiety, reflex disorders with or without in- 
volvement of cranial nerves, and simultaneous 
marked subjective heart troubles with more or 
less pronounced circulatory insufficiency. Rich- 
dorft very recently was impressed with myo- 
‘ardial failure with brain involvement in chil- 
lren. He reported one instance of subacute 
‘neephalitis with electrocardiographic changes. 


From the Department of Pathology, Michael Reese 
lospital, Chicago, Ill. This department is in part 
supported by the Michael Reese Research Founda- 
ion. 

This study was aided by the Ira Frank Fund. 

This study has been presented before the First 
international Congress of Neuropathology in Rome, 
Italy, in September 1952. 


Koch*® very recently was able to demonstrate 
an infectious agent (virus) in the blood serum 
of one patient, in the cerebral spinal fluid of a 
second, and in the blood serum, feces, and liquid 
that was used to wash out an ear in the third. 
Neutralizing antibodies were found in the serum 
of those patients who recovered. This virus 
produced convulsions and paralysis in mice and 
rodents. Only one of these patients died. The 
autopsy showed an interstitial myocarditis, but 
the brain could not be examined. Koch® believes 
that this virus belongs to the encephalomyo- 
-arditis group of viruses. 

Recently we had occasion to evaluate three 
instances of encephalomyocarditis. In spite of 
the fact that virus studies done on two of these 
patients were negative, it seemed important to 
relate these instances to underline the entity 
encephalomyocarditis and to stimulate virus 
studies on future cases. Only the most pertinent 
clinical and anatomic features of the cases shall 
be given. 


CasE REPORTS 


The first instance involves a 52 year old female 
who, 18 days before her death, developed severe 
headaches and abdominal distress.* When seen by 
a physician she was moderately confused and had 
difficulties in speaking. The following day she had a 
generalized convulsive seizure and auricular fibril- 
lation, and two days later she became stuporous. 
On admission, she was lethargic and stuporous and 
responded only to very painful stimuli. The optic 
dises were flat and there was a 2 plus nuchal 
rigidity. The tendon reflexes were sluggish and the 
Babinski reflex could be elicited on the right side. 
The pupils reacted sluggishly to light. There was no 
apparent hemiplegia. A ventriculogram was normal. 
Her pulse rate varied between 101 and 166 beats per 
minute, but was most often about 130, and her 


* T am indebted to Dr. Paul C. Bucy for the elini- 
eal record. 
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temperature was between 101 and 104.6 F., most 
commonly being 102 F. Her arterial blood pressure 
fluctuated between 114/50 and 185/90. The spinal 
fluid pressure was increased to 260 mm.; it was clear, 
showed traces of globulin when subjected to Pandy’s 
test and contained 30 cells, 50 per cent of which were 
lymphocytes and the rest polymorphonuclear leuko- 


S-T was depressed in V5. T was notched in V,, flat in 
V.. There was sinus tachycardia, “P pulmonale,” 
auricular premature systole in lead III, and hori- 
zontal position. The record was abnormal. However, 
the changes did not permit a specific diagnosis. 
Some of the chest lead abnormalities are seen with 
right ventricular dilatation 


Fig. 1. A. Case 1. Electrocardiogram. (See text.) B. Case 1. Brain. Note the perivascular infiltra- 
tion of round cells. Hematoxylin and eosin preparation. (X225.) C. Case 1. Myocardium. Note the 
necrotic muscle bundle and the cellular infiltration. Hematoxylin and eosin preparation. (X 140.) 


cytes. The electrocardiogram* disclosed a rate of 
150 per minute and a P-R interval of 0.12 second. 
The P waves were tall in leads II, III, and aVr. 
The S-T segment was depressed in I; the T wave 
was flat in I. R was small in chest leads Vo and V4. 


*T am grateful to Dr. R. Langendorf for the elec- 
trocardiograms 


Complement fixation tests for the St. Louis en- 
cephalitis, western equine encephalomyelitis, eastern 
equine encephalomyelitis, lvmphocytie choriomen- 
ingitis, mumps and Japanese B encephalitis viruses 
and Q fever rickettsia were negative. Other labora- 
tory tests were noncontributory. 

During her stay at the hospital, she remained 
stuporous, gradually failing to react to any outside 
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timuli, and there were no spontaneous movements. 
‘he cardiac rate and respiration became very rapid 
nd she died 13 days after admission. 

At autopsy, the most important changes were 
ound in the brain and the heart. The brain was 
arger and softer than normal. In particular, both 
emporal lobes were of very soft consistency, but, in 
dition, the medial surfaces of both frontal lobes 
ust anterior to the corpus callosum and the sub- 
‘allosal portions of the cerebral cortex were markedly 
nvolved and had a yellowish-pink appearance. The 
ieedle tracks in the posterior parietal regions were 
learly noticeable. The basal ganglia appeared nor- 
nal. On microscopic examination there were small 
ind larger areas of perivascular hemorrhages in 
iddition to many perivascular infiltrations of 


fields. These areas were surrounded by large mono- 
nuclear cells. 

In the lungs were foci of bronchopneumonia with 
an early serofibrinous exudate in the pleura adjacent 
to the involved areas. 

The main pertinent anatomic diagnosis was en- 
cephalomyocarditis. 

The second case involved a 35 year old male.* 
The history and clinical course were extremely 
short. For about a week he had complained of 
severe headaches for which he took aspirin. When 
finally seen by a physician, he had a temperature of 
101 F. but complained only of headache. He died 
unexpectedly shortly after the visit of the physician. 
At autopsy, the more important changes were again 
found in the heart and brain. 
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Fig. 2. A. Case 2. Brain. Note the degenerative changes in ganglion cells and focal infiltration of 
round cells and polymorphonuclear leukocytes. Hematoxylin and eosin preparation. (X140.) B. Case 
2. Myocardium. Note the degeneration and necrosis of muscle fibers and a few inflammatory cells. 


Hematoxylin and eosin preparation. (X225.) 


lymphocytes and mononuclear cells. Sections taken 
from the pons, medulla and cervical segment of the 
spinal cord also showed scattered foci of similar 
perivascular infiltrations. Many ganglion cells 
showed degenerative changes. Stains for bacteria 
vave negative results. 
The heart weighed 350 Gm. and was greatly 
dilated. The valvular apparatus was intact. The 
ivoeardium was flabby and brown, tinged with 
ellow. There was flattening of the papillary muscles. 
microscopic sections, the muscle fibers throughout 
ere swollen and the intercalated discs appeared 
rominent. Accumulations of large mononuclear cells 
nd lymphocytes were found in the interstitial tis- 
ies. In other fields, a few polymorphonuclear leuko- 
vtes were also encountered and there was much of 
n edema-like appearance in the interstitium. Small 
ici of muscle fibers appeared necrotic only in a few 


The brain was swollen, had a light pink tinge and 
was softer than normal. Multiple sections through 
the formalin-fixed brain only disclosed hyperemic 
vessels and a slightly pink color of the white sub- 
stance. No hemorrhagic foci could be detected. On 
microscopic section, the Virchow-Robin spaces con- 
tained a liquid suspended in which were a few 
mononuclear cells. The smaller vessels themselves 
were engorged with red blood corpuscles and many 
lymphocytes and polymorphonuclear leukocytes 
were found in the periphery of their lumens. 
Rarely, small accumulations of polymorphonuclear 
cells and lymphocytes in groups were found, seem- 
ingly independent of vessels, throughout the white 
matter. The ganglion cells presented various degrees 


* T am indebted to Dr. Max Berg for the clinical 
record. 
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of degenerative changes. Necrotizing lesions could 


not be made out and there was no proliferation of 


glia cells or fibers, or neuronophagia. There were no 
stainable microorganisms. 

The heart weighed about 350 Gm.; it was slightly 
dilated. The pericardium was smooth; the mural 
endocardium and the valvular apparatus were in- 
tact. Neither the mouths of the coronary arteries nor 
these vessels themselves disclosed any noteworthy 
abnormalities. The papillary muscles were flattened 
and the myocardium was pale grayish-red, soft, 
flabby, and succulent. The course of the individual 
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The third patient* was a 13 year old colored 
male who was admitted because of convulsions. He 
was well up to a week prior to admission when he 
developed a sore throat. Before admission he had 
chronic convulsions and swelling of the neck; he 
appeared lethargic. On admission he was comatose. 
His pulse rate was 160 plus, and he had a tempera- 
ture of 105 F. The eyes reacted, if at all, only 
minimally. There was gallop rhythm. He was very 
restless, respirations were rapid, and he developed 
frequent coughing. He died seven hours after ad- 
mission. The urine contained 4 plus albumin; the 
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Fig. 3. A. Case 3. Brain. Note the perivascular infiltration of round cells and polymorphonuclear 
leukocytes. Hematoxylin and eosin preparation. (X220.) B. Case 3. Myocardium. Note the inter- 
stitial infiltration of round cells and a few polymorphonuclear leukocytes; also the severe degenera- 
tion of heart muscle fibers. Hematoxylin and eosin preparation. (X100.) C. Case 3. Myocardium. 
Note the diffuse infiltration of inflammatory cells and focal necrosis of muscle fibers. Hematoxylin 


and eosin preparation. (X140.) 


muscle bundles was obscured. Microscopically, the 
muscle fibers were swollen and their sarcoplasm was 
granular; the nuclei were often absent and small foci 
of necrosis were seen in a number of fibers. The inter- 
stitial tissue was edematous and there were small 
accumulations of lymphocytes with a few poly- 
morphonuclear leukocytes scattered within the 
edema fluid. The capillaries and small vessels were 
dilated containing many red blood corpuscles and 
marginally placed polymorphonuclear leukocytes. 
Stains for bacteria gave negative results. Unfor- 
tunately, no attempts to isolate an etiologic virus 
by animal or chick embryo inoculation were made. 

The pertinent anatomic diagnosis was acute myo- 
carditis and acute encephalitis. 


carbon dioxide combining power of the serum was 
16 mM. per liter, and of the chlorides 111 me. per 
liter. The total white count was 30,150; 84 per cent 
were polymorphonuclear leukocytes, many of which 
were nonsegmented; there were 15 lymphocytes and 
1 monocyte. There were 3,640,000 red corpuscles. 
Spinal fluid was clear, containing three cells (lympho- 
cytes). The Pandy test was negative. Spinal fluid 
glucose was found to be 101 mg. per 100 ec. 

At autopsy, the more important changes were 
found in the brain, heart, lungs, and kidneys. 

The brain was softer than normal and the gyri 


*T am indebted to Dr. Joseph Calvin for the 
clinical record. 
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were flattened. On section, the smaller blood vessels 
were distended and the white matter was a little 
larker than normal with a slightly pink tinge. 
\licroseopically, all the capillaries and small vessels 
were engorged with red blood corpuscles. This was 
varticularly pronounced in the section taken from 
‘he wall of the third ventricle. The Virchow-Robin 
spaces often contained an edema-like material with 
. few polymorphonuclear leukocytes and an ocea- 
sional lymphocyte. The ganglion cells throughout 
showed degenerative changes with absence of a 
number of nuclei. There was no neuronophagia. 
There were no bacteria. 

The heart was enlarged and dilated, weighing 260 
(im. instead of about 150 Gm., as is usual for a 13 
vear old boy. There were subepicardial hemorrhages 
ilong the base. The mural and valvular endocardium 
were intact. The myocardium was softer than nor- 
mal, pale, with small reddish areas scattered through 
it. The coronary arteries were normal. Microscopi- 
cally, much of an edema-like material was found in 
the interstitial tissue with many polymorphonuclear 
leukocytes, lymphocytes and a small number of 
endothelial leukocytes. Deposition of fibrin was also 
noted. The muscle fibers were slightly swollen, but 
their striations appeared distinct. There were foci 
of necrosis. Stain for bacteria gave negative results. 

The vascular markings of the lungs were more 
pronounced than normal, indicative of dilatation of 
the lymph channels. From the section made by 
cutting, a very large amount of frothy fluid exuded. 
Microscopically, in addition to the edema, a hyalin- 
like pink membrane was found lining the inner 
wall of some alveoli. These and other alveoli con- 
tained monocytes and a few lymphocytes. The in- 
terstitial tissue throughout was richly infiltrated by 
lymphocytes and endothelial leukocytes. 

The kidneys were enlarged and soft. Many punc- 
tate foci of hyperemia and minute hemorrhages were 
encountered. The architecture of the cortex was ob- 
secured. It was grayish and riddled with red dots. 
The pyramids were hyperemic. Microscopically. 
small numbers of polymorphonuclear leukocytes 
were seen between capillary loops of the glomeruli. 

The pertinent anatomic diagnosis was acute en- 
cephalitis, acute, principally interstitial, myocarditis, 
interstitial pneumonia, and acute intercapillary 
slomerulonephritis. 

The heart was ground in a sterile mortar with 
ilundum and suspended in nutrient broth. The 
uspension was injected both intracerebrally and 
ntraperitoneally into albino Swiss mice.* None of 
he animals developed any pathologie lesions. 


DiscussION 
All three patients had myocarditis and en- 
ephalitis. The course of the disease in two of 





* Virus work was done by Dr. A. Milzer. 





these patients was rapid, one dying after only 
eight hours hospitalization and the other at 
home after a short history of headache and 
fever. The first patient was hospitalized 13 
days prior to her death. 

The course of two of these patients resembled 
that of the chimpanzees reported by Helwig 
and Schmidt,® and by Schmidt.’ Because of the 
interest the studies of these authors created in 
the concept of encephalomyocarditis, their work 
and related studies may be mentioned in a little 
more detail. Helwig and Schmidt*® found in a 
male gibbon and a 5 year old male chimpanzee, 
who had died suddenly, a diffuse interstitial 
myocarditis, bilateral hydrothorax and pulmo- 
nary edema. The brain showed no changes and 
the spinal cord was not examined. Fluid from 
the chest cavity of the chimpanzee and the 
spleen, suspended in saline solution, was inocu- 
lated into five mice each. All of these mice 
developed paralysis of the hind legs and showed 
microscopically widespread myocarditis. Hen 
eggs were inoculated with 10 per cent serum- 
saline suspension of two mouse hearts from a 
third passage of the original ape-chest fluid 
which had previously been passed through a 
Seitz filter. These eggs were opened on the third 
day after inoculation and the markedly hy- 
peremic embryos and membranes were frozen. 
Later, these were suspended in ascitic fluid, 
ground, and passed through a Berkefeld filter. 
This sterile filtrate consistently produced myo- 
carditis in 31 mice and in 8 out of 11 guinea 
pigs that were inoculated. Helwig and Schmidt® 
believed that the cardiac lesions of this ape 
disease and sporadic human acute interstitial 
myocarditis of unknown etiology were strikingly 
similar. In 1948 Schmidt’ found a similar type 
of myocarditis in a 6 year old female chimpan- 
zee which had apparently been ill for five days 
with edema of the face, subnormal temperature 
and dysphagia. Terminally cyanosis and dysp- 
nea developed. In addition to myocarditis, hy- 
drothorax and a marked hemorrhagic pulmo- 
nary edema were present. Schmidt,’ using the 
etiologic agent recovered from the 5 year old 
male chimpanzee, was able to produce myo- 
carditis and encephalitis in mice and hamsters 
and myocarditis in guinea pigs. This agent 
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which behaved like a virus had not been identi- 
fied with any of a variety of known viruses by 
various biologic tests. Warren and Smadel* who 
studied this agent found that it became highly 
neurotropic when maintained by a serial intra- 
cerebral passage in mice. Encephalitis developed 
rapidly and mice died within 24 hours. While no 
microscopic evidence of myocarditis was found 
in mice dying rapidly, an extensive acute focal 
necrotizing myocarditis, recognizable grossly, 
occurred when death was delayed. Histologic 
changes in the brain were characterized by 
widespread necrosis of nerve cells when death 
occurred early, and by an extensive cellular 
infiltration after a protracted disease. Hamsters 
also developed encephalitis and myocarditis 
after inoculation of this virus. Warren and 
SmadelS’ named the virus ‘“encephalomyo- 
carditis (EMC)” virus. 

Studying the encephalomyocardit is virus fur- 
ther, Warren, Smadel and Russ’ found that 
Columbia SK and the MM_ virus exhibited 
cross neutralization with the encephalomyo- 
carditis virus. Dick’s'® experiments indicate 
that the meningoencephalitis, Columbia SK, 
the MM virus and the encephalomyocarditis 
virus were closely related serologically, in their 
pathogenicity and in their pathologic effect in 
experimentally infected small animals. Warren, 
Smadel and Russ® stated that neutralization, 
complement fixation and cross immunity tests, 
indicated that these four viruses were identical 
and that they may be regarded as probably 
different strains of a single virus. Reiman" con- 
eluded that all four members of this group may 
cause myocardial lesions. During studies to 
determine the relation of the encephalomyo- 
carditis virus to disease in man, Smadel and 
Warren” found that neutralizing antibodies 
appeared in the sera of a group of American 
soldiers recuperating from a short febrile illness 
contracted in the Philippines. The disease was 
characterized by a moderately high fever, 
severe headache accompanied by a stiff neck, 
positive Kernig’s sign, hyperactive reflexes and 
pharyngitis. There were from 50 to 500 cells, 
mainly lymphocytes in the spinal fluid. The 
fever lasted only for two or three days and all 
patients were discharged from the hospital 
within four or five days. There were no sequel- 


lac. Interesting also, in respect to the foregoing, 
is Warren’s® finding that convalescent serum 
from a human case of meningoencephalomye 
litis neutralized more than 1,000 50 per cent 
lethal doses of encephalomyocarditis virus 
(quoted by Dick"). Warren, Russ and Jeffries! 
found neutralizing antibodies against the grour 
of viruses in sera from an appreciable number 
of 442 wild rats trapped in several widely 
separated areas of the United States. 

From this short report, it is clear that ther: 
are viruses, or several strains of a virus—ex 
cluding the virus of poliomyelitis capable 
under certain circumstances, of causing prin 
cipally encephalitis and myocarditis in labora 
tory animals. 

All three patients whom we have studied her« 
had the type of encephalitis usually ascribed t 
virus origin. A clinical diagnosis of encephalitis 
was made in the first and third instances, but 
not made in the second, the patient having died 
at home. Myocarditis was diagnosed clinically 
in only one case, but was found at autopsy in 
all three. Though morphologically the myo 
carditis, per se, is not characteristic in these 
instances, it resembles that seen in certaii 
stages of poliomyelitis and also in the two 
chimpanzees observed by Helwig and Schmidt,° 
and by Schmidt.7 An interesting coincidence is 
also the finding of the edema of the face in both 
the 13 year old boy of this study and the second 
chimpanzee, though this was explained in our 





case on the basis of the glomerulonephritis. The 
interstitial pneumonia with the characteristic 
exudate and the presence of the hyaline-like 
‘nner rim within the alveoli is also considered 
of virus origin. The serum of the first patient 
gave negative complement fixation tests for the 
St. Louis encephalitis, western equine en- 
cephalomyelitis, eastern equine encephalomye- 
litis, lymphocytic choriomeningitis, mumps and 
Japanese B encephalitis viruses and Q fever 
rickettsia. No other virus studies were made. 
Though looked for, no agent could be demon- 
strated in the heart muscle of the third case. 
In all these cases foci of necrosis of hear 
muscle fibers were encountered. Rustigian and 
Pappenheimer'’ were impressed by muscle ne- 
crosis with acute inflammatory changes pro- 
duced by Jungeblut’s SI< virus. Such changes 
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vere also encountered following introduction of 
ther encephalomyelitis virus strains. Melnick 
ind Godman'* described muscle necrosis in mice 
is a result of inoculation with the Conn.-5 
train of Coxsackie virus. This was followed by 
nflammatory lesions. Myocardial necrosis also 
curred in mice, but to a lesser degree. In the 
ight of these experimental findings, the foci of 
iecrosis of the myocardium in our cases may be 
significant. Skeletal muscles, however, were not 
xamined. It might be possible that these 
‘trains of viruses produce necrosis of muscles 
hroughout the body, involving also the heart 
nuscle. It is because of the latter, however, 
ihat the patients suecumb so quickly. 

From the foregoing, in spite of inability to 
demonstrate a virus, it seems likely that both 
ihe encephalitis and myocarditis were caused 
by a virus. From the similarity of the clinical 
picture and the microscopic findings, it is most 
likely that the cause of the encephalomyo- 
carditis in these three patients is similar to that 
recovered from the original chimpanzee, the 
encephalomyocarditis virus, or, perhaps better, 
the virus whose different strains may constitute 
the encephalomyocarditis, Columbia SK, MM 
and meningoencephalitis viruses 

Schmidt’ suggested that ‘isolated myocar- 
ditis” as described by Fiedler’ may be caused 
by a similar virus, since, as stated before; the 
virus in certain animals may produce myo- 
carditis only. Fiedler, in his original com- 
munication, reported four instances. The mi- 
croscopic appearance of these hearts as studied 
by Schmor! was not uniform, though the inter- 
stitial character of the inflammation was 
stressed in at least three of these cases. It is of 
interest to note that one patient among these 
three studied by Fiedler (case 3) in addition to 
presenting signs of myocarditis also suffered 
rom convulsions which started two days before 
she died. These were described as very severe 
wnd recurring frequently. Myocarditis was 
ound at autopsy and areas of necrosis were 
‘escribed histologically. The brain was not 
examined. It is possible that this case of the 

riginal Fiedler’s series might actually have 
een caused by a virus of the encephalomyo- 
arditis group. 

If, thus, attention is focused on an entity of 
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inflammatory lesion of the brain and myo- 
cardium it would seem from the studies of 
Brenning,’® Richdorf,! Koch® and from our re- 
port that encephalomyocarditis perhaps is not 
a rare entity. Whenever such a disease complex 
is considered clinically, it is imperative that the 
serum be examined for neutralizing antibodies 
involving the virus of encephalomyocarditis, 
the meningoencephalitis virus, the Columbia 
SK and MM viruses. At autopsy, an attempt 
should be made to isolate the virus from the 
heart and brain by the inoculation of mice, 
hamsters, or the chick embryo. 


SUMMARY 

A clinical and pathologie entity—encephalo- 
myocarditis—is described. The literature is re- 
viewed and pertinent studies on experimental 
viruses are invoked for an understanding of this 
entity. This disease may be characterized by 
clinically recognizable evidence of severe en- 
cephalitis combined with electrocardiographic 
changes indicating myocardial damage and, 
often, unexpected death; or the involvement of 
either brain or myocardium may not be recog- 
nized clinically until convulsions and coma ap- 
pear, followed by unexpected death. Three such 
instances are reviewed. Whenever such a dis- 
“ase complex is considered clinically, it is im- 
perative that the serum be examined for 
neutralizing antibodies involving the viruses of 
encephalomyocarditis, the meningoencephalitis 
virus, the Columbia SK and MM viruses. At 
autopsy, an attempt should be made to isolate 
the virus from the heart and brain by the inocu- 
lation of mice, hamsters or the chick embryo. 
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The Intestinal Excretion of Digitoxin in 


the Rat 


By Survey St. GeorGE, Px.D., AnD MryYirR FRIEDMAN, M.D. 


Rats given a parenteral injection of digitoxin (1 ug. per gram of body weight) were found to excrete 
approximately 15 to 18 per cent of the dose in their feces. This fecal digitoxin however came from 
the bile, and there was no evidence of any active secretion of the glycoside by the bowel wall itself. 


OR MANY YEARS workers!:? have 

commented on the high degree of insen- 

sitivity to the toxic effects of the cardiac 
glycosides shown by rats and mice. Neverthe- 
less, general speculation on whether this in- 
sensitivity was due to an extraordinarily effec- 
tive excretion of the active cardiotonic principle 
or to rapid destruction of the drug within the 
body could not be resolved because of the 
limitations imposed by the quantitative tech- 
nies available. Recently, however, we have been 
able to study by means of the microsensitive 
embryo duck heart preparation,’ the renal role* 
in the excretion of digitoxin. Here we shall 
complete the study of the possible excretion of 
this drug by communicating our findings on the 
intestinal excretion of cardioactive digitoxin 
or its aglycone. 


METHODS 


Twenty-one male adult rats of the Long-Evans 
strain were given digitoxin (1.0 microgram per gram 
of body weight) by intravenous injection. They were 
placed in the Bollman® type of restraining cage and 
the feces were collected on 17 rats the first 24 hours, 
on 11 during the second as well as the first 24 hour 
period, on eight during the third and fourth as well 
us the first and second days. Five additional rats 
were injected in the same manner after a biliary 
fistula had been produced in each of them. Their 
stools and bile were collected for 24 hours. 

The feces collected during any 24-hour period were 
lried 24 hours in vacuo at 70 C., then macerated in a 
Waring blender in 75 ml. of cold ethyl ether and 1.0 
(ym. of diatomaceous earth for approximately two 
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minutes. This suspension was filtered and the filtrate 
evaporated to dryness. The residue then was taken 
up in Tyrode’s solution, and assayed for its digitoxin 
content by the embryonic duck heart preparation.’ A 
standard recovery curve was prepared by adding 
known quantities of digitoxin to samples of rat 
feces (5 Gm.) and extracted precisely as outlined 
above for the experimental series. The presence of 
as little as 2 micrograms of digitoxin in a 5 Gm. 
sample of feces could be detected by this method. 
Bile samples were assayed according to a previously 
described method.® 


FINDINGS AND DIscUSSION 


It is apparent from the data in table 1 that a 
small but significant! fraction (6 per cent) of 
digitoxin finds its way into the gut of the rat 
during the first 24 hours after parenchymal in- 
jection of the drug. The excretion during the 
second day, moreover, is about the same as that 
of the first but a fall occurs the third day and 
by the fourth day, no digitoxin could be de- 
tected in the stool of any injected rat. 

In view of the fact that in a previous study,® 
we found that the rat excreted about the same 
amount of digitoxin in his daily bile as we now 
found in his stools, the question arose as to the 
possibility that the digitoxin detected in the 
stools of the injected rats might have been 
brought there via bile. An assay of the stools 
and bile of five injected rats indicated that this 
was the actual state of affairs. Thus (see table 
1), the stools of these five rats were found to 
contain no digitoxin although their bile con- 
tained an average of 13 micrograms of digitoxin 
or about 6 per cent of the administered dose 
(the same increment of the total given as that 
observed in the stools of the intact rats above). 
It also follows from the similar quantity ex- 
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TaBLeE 1.—The Intestinal Excretion of Digitoxin by 
the Rat after the Injection of One Microgram 
per Gram Body Weight 


ee Digitoxin in Feces (ug. Vivitoxi 
Digitoxin # Digitoxin 


Rat No. _ Injected oo. 
ug. 0-24 | 2448 | 48-72 | 72-96 | ‘MES 0-2 
Hrs. Hrs. Hrs. Hrs. sate 


A. Intact Rats 


20 
20 
10 
20 
30 


II-1 20 
II-2 ; 40 
II-3 10 
II-4 10 
II-5 10 
11-6 20 
II-7 10 
II-8 276 10 


III 1 10 
III-2 | 10 


III-3 : 10 
III-4 19 


IV -6 
IV- 
IV-8 
IV -{ 


Average 15 
Per Cent Ex- 
creted 6 


B. Rats with Biliary 


220 0 
207 0 
220 0 
266 0 
182 0 


Average 
Per Cent Ex- 
creted 0 


* A dash ( 
A zero (0) indicates that tests were done but no digi- 
toxin found. 


) indicates that no tests were done. 


creted in bile and appearing in feces in a given 
time period, that there is very little resorption 
of biliary excreted digitoxin through the gut 
wall. 

These results when added to those obtained 
previously on the renal excretion of digitoxin 
in rats! suggest that no more than 20 per cent 
of a given dose of digitoxin will be excreted in 
the stool or urine of the rat. Approximately 15 
to 18 per cent of this amount will be found in 
the stools. [t seems therefore that the rat man 
ages to destroy, not excrete, the major portior 
of a given dose of digitoxin. He differs in this 
respect quite considerably from man. 


SUMMARY 


Significant quantities of digitoxin are ex- 
ereted into the bowel after parenchymal ad- 
ministration of the drug. Bile was found to be 
the route of this intestinal conveyance of the 
drug. 
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The Renal Excretion of Digitoxin in the 
Acute and Chronic Cardiac Patient 


By Meyer FrrepMan, M.D., Survey St. GeorGce, Px.D., René Bine, Jr., M.D., 
AND SANFORD QO. Bysrs, Pu.D. 


The renal excretion of digitoxin was studied in cardiac patients who were (1) decompensated and 
(2) compensated. It was found that the renal excretion of digitoxin was not changed in patients 
suffering from left ventricular failure alone but diminished considerably during the first 24 hours 
of decompensation in patients suffering from both right and left ventricular failure. Patients who 
were maintained in a good state of compensation by adequate digitalization were found to excrete 
30 to 40 per cent of their daily dose of digitoxin. Patients overdigitalized were found to excrete 70 
or more micrograms of digitoxin a day. The maximal amount of digitoxin able to be destroyed in 
the body was considered to be approximately 50 wg. per day, a finding which explains why dosages 
in excess of 0.15 mg. almost invariably lead to overdigitalization. 


ECENTLY, we have been able to de- 
termine in a direct, quantitative fash- 
ion the renal excretion of digitoxin in 

the rat,! rabbit and dog,? and in normal man.* 
The results left little doubt that the normal 
young adult, unlike the animals studied, ex- 
creted a considerable fraction (approximately 
10 per cent) of administered digitoxin in his 
urine. The individual over 60 years of age on 
the other hand, was found to excrete digitoxin 
poorly, at least during the first 24 hours follow- 
ing its administration. 

These observations, however, did not yield 
any information concerning the renal excretion 
of the glycoside by the cardiac patient either 
(1) when he was decompensated, or (2) when 
he was being maintained in a state of compen- 
sation by administration of digitoxin. Renal 
studies, therefore, were done on such patients 
and the results of these studies are presented 
below. 


Mrtruops 


A. Selection of Subjects and Patients 
1) Normal Subjects. Nine normal middle-aged sub- 
jects (37 to 66 years) were picked purposely in order 
iat the control data would be obtained on subjects 
hose age was similar to that of the cardiac patients. 
hese patients were given 1.2 mg. of digitoxin (either 
- mouth or by vein) within a period of six hours. 
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Urine was collected daily for three consecutive days. 
Kach sample was assayed separately. 

2) Patients in Acute Cardiac Decompensation. 
Kight patients suffering from acute left ventricular 
failure, and eight from both left and right ventricular 
failure were given 1.2 mg. of digitoxin (Crystodigin) 
either orally or parenterally within a period of six 
hours and the total daily urine was collected when 
possible for three days. None of these patients had 
been taking digitalis or one of its glycosides before. 

Patients suffering from acute left ventricular 
failure were chosen for this study if, besides the 
presence of organic heart disease, they suffered from 
(1) dyspnea, tachypnea, orthopnea, at least one at- 
tack of pulmonary edema, and (2) prolongation of 
circulation time (arm to tongue), an accentuated 
pulmonic second sound and basal pulmonary rales. 
Right ventricular failure was considered to be present 
in those patients who exhibited signs of increased 
venous pressure, hepatomegaly, or an accumula- 
tion of extravascular fluid in the tissues or in the 
pleural or peritoneal cavities. 

3) Compensated Cardiac Patients. A urine collec- 
tion of 24 hours was made on 18 cardiac patients 
each of whom previously had suffered from one or 
more bouts of congestive failure but who had been 
maintained in a state of compensation by adequate 
digitoxin therapy (0.1 to 0.15 mg. per day) for peri- 
ods varying from 2 to 60 months preceding our 
studies. A patient was considered adequately digital- 
ized and well compensated if there were no indica- 
tions of excess extravascular fluid, increasing dyspnea 
or orthopnea, tachyeardia, or pulse deficit. The 
electrocardiograms of almost all of these patients 
exhibited some depression of the S-T segment in the 
limb leads indicative of medication with the digitalis 
glycoside. 

A urine collection also was made on four chronic 
cardiac patients at the time they exhibited signs 
and symptoms of overdosage with digitoxin. 
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TABLE 1.—The Renal Excretion of Digitoxin in Digitalizedt Patients Suffering from Acute Cardiac Failure 


| Urine (0-24 Hours) Urine (24-48 Hours) Urine (48-72 Hours) 


; — ' ; 
Name like Diagnosis _ Per 

Years) | Volume Dis Cent |Volume 

(cc.) ee Ex- (cc.) .) ’ 

| (us) creted HB) creted | 


Digi- 


Per 
Cent |Volume 
toxin Sx t 


(cc.) 


A. Control Normal Subjects 


MF.... ; 41 No Disease 1290 39 
NC Syl ; 50 2800 84 
MD(F).... 66 2050 62 
WAM* 50 1710 34 
EM 36 37 1080 32 
We So ee ‘ 42 1335 40 
GW 41 980 20 
MS(F) 64 1150 46 
SS* 40 1240 40 


1155 46 3.8 | 1550 
1420 21 .8 | 2420 
$10 12 : = 
1120 45 3.8 | 1120 
1080 32 2. — 


rs1 


L 


1040 56 4.2 1340 
1300 26 2.4 1490 
2380 80 D. 1620 


wom wrens 


Average 4S 1426 4 3. 1288 39 3.¢ 1590 
S.E. Mean 6 +5.8 +7. 


B. Patients in Left Ventricular Failure 


IM CAD 2115 | 42 
AR CAD 1800 27 
HR CAD 1800 36 
MJ CAD 2000 60 
APS. osc HHD 1390 25 
RG*(F) HHD 2390 26 
SJ*(F) 38 HHD 1240 | 42 
HHD 1240 50 


1820 
1380 
2200 
1470 
1600 
2150 
2380 


12 


2170 32 
1900 76 
1160 23 
1600 64 
1940 68 


Pe Nw hw eS 


a 
oo 


nwo 


3. 
2. 
3. 
5. 
2. 
2. 
3. 
4. 


Average 5: 1747. 339 a4 7 - ai 1565 46 
S.E. Mean +4.1 8.§ +10. 


C. Patients in Left and Right Ventric 
PR 44 RHD-MS 920 
RA 40 RHD-MI(AF) 1000 
RG : 63 CAD 1320 
HE*(F) 60 CAD 925 
HA*(F) 63 CAD 2000 
RN 50 HHD 820 
PH* 416 HHD 820 
61 RHD-AS-AI 1120 


tet Det ee ND 


> 


Average - 1116 19 1.6 3% 2.9 | 1293 
S.E. Mean +2.4 


* Digitoxin given by intravenous injection. 

+ Each patient given 1.2 mg. of digitoxin either orally or intravenously. 
(F): Female 

CAD: Coronary Artery Disease MI: Mitral Insufficiency 
HHD: Hypertensive Heart Disease AS: Aortic Stenosis 
RHD: Rheumatic Heart Disease AI: Aortic Insufficiency 
MS: Mitral Stenosis AF: Auricular Fibrillation 





FRIEDMAN, ST. GEORGE, BINE AND BYERS 


LE. Assay of Digitoxin in Urine 

The digitoxin content of the daily urine was de- 
t(rmined by previously described methods.’ Briefly, 
t! is process consisted of extracting known amounts 
o added digitoxin (1 to 12 micrograms) from fixed 
quantities of urine (200 ec.), brought to a standard 
specific gravity of 1.015. The final extracts were dis- 
s-lved in Tyrode’s solution (50 ec.). The Tyrode’s 
s lution was warmed to, and maintained at, 33 C. 
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After standards for various quantities of digitoxin 
in urine had been established in this manner, 200 ce. 
samples of urine containing an unknown amount 
of digitoxin could be extracted and assayed by com- 
paring the results obtained with those previously 
obtained from the standard known values. The 
total daily excretion then was calculated by multi- 
plying the amount of digitoxin found in the 200 ce. 
quantity of urine by the total daily urine volume/ 


TABLE 2.—The Renal Excretion of Digitoxin in Chronic Digitalized Cardiac Patients 


| 
Age 


Name (Years) 


Diagnosis 


A. Patients Adequately Digitalized 


RHD-AI 
CAD 
RHD-MS-MI 
HHD 

CAD 

HHD 
RHD-MS-MI-(A 


MT 

SJ 
SH(F) 
EA(F) 
ww 
vs 
RT(F) 
LM(F) 
RJ 
SW(F) 
WF 
FC 

SJ 

OO 

JB 
RW(F) 
RB 
MD 


CAD 

HHD 
CAD-(AF) 
RHD-AI 

HHD 

CAD 
RHD-AS-(AF) 
CAD 
RHD-MI-(AF) 
RHD-MI-AL . 


10) 
11) 
12) 
13) 
14) 
15) 
16) 
17) 
18) 


Average......... 
S.E. Mean 


F) 


RHD-MS-MI-(AF) 


| i / 
Duration of Valente 
Treatment 
(Months) 


Digitoxin 
Given/Day | - 

(mg.) Per Cent 

Excreted 


Volume 
(cc.) 


Digitoxin 
(ug) 


> 
= 


2620 

1340 

5 1720 
15 1300 
15 845 
10 1950 
15 1370 
10 1040 
10 1520 
10 830 
10 1870 
15 1610 
860 
660 
1710 
850 
810 
1400 


ot 
| 
1 


ssososes 


ooooo ©& 


oo © 


1350 


B. Patients Exhibiting Signs of Overdigitalization 


WM 
RL 
JD(F) 
JDK 


50 
69 


CAD 
RHD-AS 
RHD-MS 
58 CAD 
54 


Average...... 


and then six or more embryonic duck hearts were 
aided. The average time at which the “digitalis 
efrect’” occurred in these hearts was noted for each 
e- traction. Thus, for example, a series of 15 ex- 
tacts of 200 ec. quantities of urine originally con- 
tuining 2 micrograms of digitoxin were observed to 
poduce a “digitalis effect” in a period of 47 minutes 
(-tandard error of mean: +2.3 minutes); whereas 
1) extracts of 10 different urine samples containing 
4 micrograms produced a “digitalis effect” in 27 
rn inutes (standard error of mean: +1.5 minutes). 


0.15 4 
0.40 1 
0.20 


2000 
1800 
1400 
1 2630 


59 
30 
35 
19 


99 36 


1956 


200. Urines which were too dilute or too concentrated 
were adjusted by evaporation or dilution respec- 
tively until a 200 cc. quantity had a specific gravity 
of 1.015 before the extraction process itself was 
begun. 


RESULTS 


A. Patients in Acute Failure 
1) Left Ventricular Failure. Renal excretion 
of digitoxin was not diminished in patients 
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suffering from acute left. ventricular failure. 
The average urinary excret ion in eight patients 
during the first three days after either oral or 
parenteral administration of 1.2 mg. of digi- 
toxin was 39, 42, and 46 micrograms per day, 
respectively. As table 1 illustrates, this daily 
rate of excretion (about 3 per cent of the total 
dose) was approximately the same as that 
found in the control subjects. It is of interest 
too, that renal excretion of the glycoside was 
as extensive after oral as after parenteral 
administration of the drug. 

2) Left and Right Ventricular Failure. Ap- 
parently the onset of right ventricular failure 
markedly diminished renal excretion of digi- 
toxin for at least the first 24 hours after ad- 
ministration of the drug. Thus (see table 1), 
the average renal excretion in eight patients 
suffering from both right and left ventricular 
failure was only 19 micrograms (1.6 per cent of 
administered dose) during the first 24 hours. 
However, after the first day, the average renal 
excretion increased so that at the end of the 
third day, the renal excretion of digitoxin in 
the three patients studied was about equal to 
that of the patient with left ventricular failure 
or the normal subject. 


B. Compensated Cardiac Patients 


Chronic cardiac patients whose compensa- 
tion was being maintained by administration 
of digitoxin were found (see table 2) to excrete 
an average of 41 micrograms of digitoxin 
(range: 21 to 56 micrograms) in their urine 
per day. This amount represented approxi- 
mately 36 per cent (range: 21 to 56 per cent) 
of their average daily dose (0.12 mg.) of digi- 
toxin. 

Four patients who exhibited signs of over- 
dosage with digitoxin excreted over twice as 
much digitoxin (average: 99 micrograms) in 
their daily urine. 


DiIscUSSLON 


The above results suggest that the cardiac 
patient suffering from acute left ventricular 
failure excretes digitoxin in his urine as well, 
and in as great an amount, as the normal 
subject. Moreover, the renal rate is the same 
whether the drug is given by mouth or vein 


suggesting that there is probably complete 
gastrointestinal absorption of the drug. 

On the other hand, a patient with combined 
right and left ventricular failure, is not able to 
excrete as much administered digitoxin duy- 
ing the first 24 hours as the normal subject 
Whether this is due to some type of renal dy s- 
function secondary to venous congestion or 0 
a greater escape of digitoxin in swollen extr.- 
vascular compartments was not determine |. 
The observed decrease in excretion, howevi 
was of brief duration and after 24 hours, dig:- 
toxin was excreted in normal quantities. It's 
our opinion that this resumption of a norm: | 
rate of renal excretion of the glycoside was ass: - 
ciated with the advent of diuresis. 

The cardiac patient who was maintained in a 
state of compensation by the daily ingestion 
of digitoxin, excreted just about the same 
amount of glycoside (41 micrograms) as the 
normal individual (who was given the same 
amount of digitoxin) was found® to do. The 
cardiac patient, similar again to the normal 
individual, exhibited an excess of digitoxin in 





his urine (70 or more micrograms per day ) 
whenever he exhibited clinical signs of over- 
dosage with the drug. Using this urinary assay, 
we have been able to determine whether ade- 
quate or excessive digitalization existed in 
doubtful cases. Such assays proved to be very 
accurate as judged by later clinical observation. 

It is of interest that the patient does not 
appear to excrete a maximum fraction of ad- 
ministered digitoxin until after about 1.2 mg. 
of the drug ostensibly has been accumulated in 
his tissues. Thus, only about 3 to 5 per cent of an 
initial dose of digitoxin (regardless of whether 
0.2 or 1.2 mg. is given*) is excreted in the 
first day’s urine. However, if after an initial 
dose of 1.2 mg. has been given, the patient or 
subject. is maintained on 0.1 mg. or more per 
day, 30 to 40 per cent of this daily dose is ex- 
creted in the daily urine. This fraction appears 
to represent the maximum capacity of the kid- 
ney to rid the body of digitoxin. Thus, although 
an average of 99 micrograms of digitoxin was 
found in the daily urines of our four toxic pa- 
tients, this still represented only 36 per cen! 
of the average amount of the drug given 10 
these patients. This fraction then appea's 
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iced when relatively moderate quantities of 
xitoxin are given to a digitalized patient 
t whether this same fraction of a much larger 
se also would be excreted by the kidney can- 

t be answered by our present data. 
Che fraction of digitoxin not excreted by the 
Iney (60 to 70 per cent of a given dose) is 
i her excreted in the bile or destroyed in the 
body. An earlier study? has indicated that not 
more than 10 per cent of a given dose is ex- 
ceted in the bile of man. Therefore, the body 
apparently can destroy about 50 per cent of a 
daily dose of 0.1 mg. of digitoxin (about 50 
micrograms per day). This appears to be about 
the maximal capacity for destruction of digi- 
toxin by the body, for when 0.2 mg. or more 
digitoxin is given per day (see also previous 
study*), despite the increased amount renally 
excreted, the amount still left for parenchymal 
destruction (over 50 micrograms) appears to 
be too great for the very limited internal 
processes of destruction, and toxicity results. 
These results shed considerable light upon 
the problem of elimination of digitalis by the 
digitalized patient. Pardee® believed that ad- 
ministered digitalis disappeared from the 
body solely by excretion and he postulated that 
the maximal rate of elimination was about 0.13 
Gm. of digitalis per day. Gold and De Graff® 
on the other hand, concluded that the patient 
excreted only a percentage (possibly fixed) 
of the total amount of digitalis in the body. 
Our own observations indicate that the patient 
excretes a fixed percentage either of the total 
amount of digitalis in the body or of the daily 
amount given after adequate digitalization 
has been obtained. Just as important perhaps 
is the discovery that a fixed but very small 
amount also is probably destroyed in the body. 
Che rather fixed fraction of digitoxin ex- 
ereted by the kidney and the sharply limited 
ability of the body to destroy no more than 
ha!f of 100 micrograms of the drug per day ex- 
pl:in the ease with which overdosage with 
th s drug can occur. The excretory and neutral- 


ol 


izing powers of man thus appear to be narrow 
and inelastic in respect to the handling of this 
steroid. 


SUMMARY 


Patients suffering from acute left ventricular 
failure, excrete digitoxin as efficiently as nor- 
mal subjects of the same age period. The addi- 
tion of right ventricular failure, however, 
diminished renal excretion of digitoxin mark- 
edly but for only 24 hours. Compensated 
cardiac patients excrete digitoxin at the same 
rate as the normal subject (30 to 40 per cent 
of the daily dose). The patient who exhibits 
toxicity from overdosage with digitoxin, ex- 
cretes over twice as much digitoxin as the ade- 
quately digitalized patient. On the basis of 
these results, the probable maximal capacity 
of the body to destroy digitoxin is about 50 
micrograms per day. 
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Estrogen-Induced Regression of Coronary 


Atherosclerosis in Cholesterol-Fed Chicks 


By Ruru Pick, M.D., Jeremian StaMuer, M.D., Simon Ropparp, M.D., Px.D., ano 
Louis N. Katz, M.D. 


The present study demonstrates that estrogens reverse previously induced coronary atherosclerosis 
in cholesterol-fed cockerels, despite the continued presence of the atherogenic stimulus in the diet. 
Aorta atherogenesis remains unaffected. Hypercholesterolemia is moderately enhanced by estrogen 
administration; total cholesterol-lipid phosphorus (C/P) ratios are depressed to normal levels, con- 
sequent upon estrogen-induced hyperphospholipemia. 


N a previous study it was shown that 

estrogen administration prophylactically 

inhibits the development of coronary ath- 
erosclerosis in cholesterol-fed cockerels.' The 
data of the present experiment demonstrate 
that estrogenic hormone ts also capable of re- 
versing previously induced coronary lesions, 
despite continued cholesterol feeding. 


METHODS 


Fifty 1 day old Hy-line cockerels were received 
from a commercial hatchery and reared in a battery 
brooder. They were fed commercial chick starter 
mash until they were 7 weeks of age. During the 
next five weeks, they received mash supplemented 
with 2 per cent cholesterol plus 5 per cent cotton- 
seed oil (2CO). At the conclusion of this period, 10 
of the 50 birds were sacrificed; all 10 were found to 
have aorta and coronary artery lesions. The remain- 
ing 40 cockerels were then divided into four groups 
(table 1); all continued to receive the experimental 
2CO diet. In the first pair of groups (groups 1 and 2), 
the effect of estrogen* on atherogenesis was assayed 
during the age period 12 to 15 weeks (5 to 8 weeks 
of cholesterol feeding). In the second pair of groups, 
estrogen influence was studied during age 15 to 20 
weeks (8 to 13 weeks of cholesterol feeding) (table 
1). The chicks of groups 1 and 2 were sacrificed at 
15 weeks of age, those of groups 3 and 4 at 20 weeks. 


From the Cardiovascular Department, Medical 
Research Institute, Michael Reese Hospital, Chicago, 
Ill. 

These studies were aided by the Chicago Heart 
Association, the National Heart Institute (U.S. P. 
H. 8. grant H-626) and the Michael Reese Research 
Foundation. 

* Estrogen used was estradiol benzoate, 1 mg. 
daily intramuscularly. We are greatly indebted to 
Dr. Abbott Allen of the Schering Corp., Bloomfield, 
N. J. for generous supplies of Progynon B. 


At each sacrifice (12, 15 and 20 weeks of agi 
plasmas were analyzed for total cholesterol a 
lipid phosphorus according to the methods of Schoeii- 
heimer and Sperry? and Man and associates,? re- 
spectively. Thus the plasmas of estrogen-treated 
birds were analyzed both before and after admin- 
istration of estrogen was instituted. 

At sacrifice the heart and great vessels were in- 
spected for gross atherosclerotic plaques, and graded 
grossly from 0 to 4 according to criteria previously 
described.4 The hearts were then fixed in 10 per cent 
formaldehyde. Two blocks were cut from each 
heart. Two frozen sections were then cut from dif- 
ferent levels of each block and stained with Sudan 
IV for lipids. When no coronary atherosclerotic 
lesions were found in these four sections, eight 
further blocks were cut from these hearts and 
treated similarly. After frozen sections were pre- 
pared, the blocks were embedded in paraffin and 
slides stained with hematoxylin and eosin and with 
van Gieson’s connective tissue stain. Absence of 
lesions in these 20 sections was the criterion for 
designating a heart as negative for coronary athero- 
sclerosis. Further, regression of coronary lesions 
was identified, based upon the presence of fibrosis 
with little or no associated lipid deposit. An attempt 
was also made to assess the intensity of athero- 
genesis in the hearts of birds with lesions. Toward 
this end a count was made of the number of vessels 
exhibiting lesions, in relation to the total number of 
vessels seen in the first two sections from the first 
two blocks.® This count gave an index of the in- 
cidence (degree, hence severity) of coronary athero- 
genesis in a given heart and in the hearts from a 
given group of birds (table 3).+ 


+ In this initial effort at grading of coronary lesions, 
the criterion for designating a vessel as positive for 
atherosclerotic involvement was presence of lipid in 
any layer of the vessel wall, whether intra- or extr:- 
cellular, diffuse or focal, associated or unassociated 
with lipophage accumulation and fibroblast prolifer- 
ation. This criterion was utilized, although it wis 
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CTaBLE 1.—Ezperimental Regimens after Division 
into Groups 


sd Weeks of Age 


2CO 


| Regimen During 12th-15th 


2CO plus estrogen 


2CO 
2CO 


Regimen During 15th-20th 


Weeks of Age 


2CO 
2CO plus estrogen 


Effect of Estrogens on Aorta Atherogenesis 
in Cholesterol-Fed Chicks 


Age at 
Sacri- 
fice 


Group 


weeks 

Pre-Division 12 

1. 2CO | 15 

2. 2CO plus estro-| 15 
gen 

3. 2CO 20 

4. 2CO plus estro-| 20 
gen 





TABLE 3. 


Dura- 
tion of 


terol 
Feeding 


weeks 


3 
8 
8 


13 
13 





Choles- 


Dura- + 
tion of a Grade 
Estro- f of 
gen Ad- Aorta 
| minis- — Lesions 
nat 


weeks 
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feeding, aorta atherogenesis became progres- 
sively more severe. Estrogen exhibition was 
completely without effect on this process. The 
only gross difference was the more vividly 
yellow color of lesions in the estrogen-treated 
birds. The microscopic appearance of aorta 
lesions from chicks of both groups was typical 
of cholesterol-induced atherosclerosis. 
Coronary Arteries. The hearts appeared 
grossly normal. On microscopic examination 
all cholesterol-fed control (non estrogen- 
treated) animals showed a marked degree of 
coronary atherosclerosis, ranging from single- 
layer, foam-cell intimal cushions to huge lipid- 
laden atherosclerotic plaques. A high percent- 
age of vessels was involved in the pathologic 
process. No signs of spontaneous regression of 
the lesions was noted in any of the animals.’ 
In the estrogen-treated groups a significantly 
modified picture was encountered. In group 2, 
treated with estrogens for only three weeks, 
the lesions tended to be very small, exhibiting 


each Effect of Estrogens on Plasma Lipids and Coronary Atherogenesis in Cholesterol-Fed Chicks 
1 dif- s —_ eer : 


| - Duration of Duration of Birds with 
I: No. of . > x 

udan ‘Birds Age Cholesterol Estrogen Coronary 

srotic . Feeding Administration Lesionst 


eight ea ; = 


i weeks weeks weeks mg. % % 
ee 20 13 0 870§ 42.7 100 
(503-1697) (27.8-98.0) 
1 and : 
* 1305 
| with 


12:0 67 
weal (753-2188 ) (8.5-15.9) 

n for 7 / 
thero- 
esions 
brosis 
tempt 


Degree cf Involvement 
of Coronary Vessels 
Countt %t 


Plasma Total 


Group Cholesterol* 


Plasma C/P Ratio* 


119/197 = 60% 


20 13 2/237 0.8% 


* Bleeding at sacrifice. 

+ Cf. text for criterion of freedom from coronary lesions, i.e., absence of lesions in 20 sections from 10 blocks. 

t Counts were made on two sections taken from the first two blocks; the numerator is the no. of vessels with le- 
sions (including lipid infiltration, atheroma, atherosclerotic plaque—see text), the denominator is the total no. 
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of vessels seen; both numerator and denominator are the sum for the particular group. 
§ Values enclosed in parentheses are the ranges which determined the mean values. 


RESULTS 


1. Pathologic Findings 


Aorta. Gross aorta findings are summarized 
table 2. With prolongation of cholesterol 





recognized that mere presence of lipid, per se, in the 
‘ssel wall is not adequate to justify a pathologic 
ignosis of atherosclerosis. Atherosclerosis, by def- 
inition, is a thickening of the arterial wall, resulting 
ma complex tissue reaction, of which lipid accumu- 
ion is only one component.® In subsequent appli- 
ions of this grading method, the vessels visualized 
re divided into three catagories: normal, positive 
lipid infiltration only, positive for atherosclerosis. 


only slight fibrosis and containing little or no 
stainable lipid. When present, this lipid deposi- 
tion was located chiefly in the outer layers of 
the media and adventitia, leaving the intima 
lipid free. Concomitantly, a greater than usual 
accumulation of fat was frequently present in 
the perivascular connective tissue in close prox- 
imity to the adventitia. 

At the 20-week sacrifice, the differences be- 
tween control (group 3) and experimental 
(group 4, estrogen-treated for five weeks) were 
even more marked (table 3). Estrogen-induced 
regression of coronary lesions was almost com- 
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plete. Three birds were entirely free of lesions. 
Multiple sections of hearts of six other chicks 
revealed an occasional vessel which exhibited 
a residual plaque. These few remaining lesions 
were similar morphologically to those observed 
in the estrogen-treated birds at the 15-week 
sacrifice. Altogether, only four plaques were 
seen that exhibited the appearance of a well 
developed lesion without signs of regression. 
In the lesions that showed regression, van 
Gieson’s connective tissue stain revealed only 
a few strands of very fine young fibrous tissue. 


2. Biochemical Findings 


The mean value for total plasma cholesterol 
was similar in the control and the experimental 
groups before estrogen treatment was insti- 
tuted (for example, in groups 3 and 4 at 15 
weeks of age, a value of 1012 and 1015 mg. 
per 100 ml., respectively). After estrogen ther- 
apy the plasma total cholesterol in the treated 
group was moderately higher (table 3). The 
most significant change occurred in the lipid 
phosphorus levels. These rose, consequent upon 
estrogen-induced hyperphospholipemia, from 
an average of 17.9 mg. per 100 ml. before 
treatment to 108.7 mg. per 100 ml. after five 
weeks on estrogen. Therefore, the total cho- 
lesterol—lipid phosphorus (CP) ratio fell from 
an average of 56.7 to 12.0 (table 3). 


DISCUSSION 


The foregoing findings demonstrate that es- 
trogen effects regression of cholesterol-induced 
coronary atherosclerotic lesions in chicks, 
despite continued presence in the diet of the 
atherogenic stimulus. Thus, estrogen is effec- 
tive against coronary atherogenesis in both pro- 
phylactic and therapeutic-type experiments. In 
accordance with our observations in the former 
study,' estrogen was again completely without 
influence on aorta atherogenesis. 

The results of this experiment confirm the 
thesis that atherosclerosis is a reversible proc- 
ess.2 Moreover, they represent a_ significant 
extension of our information concerning re- 
gression (healing, reversibility) of experimental 
atherosclerosis. Previous studies of regression 
involved the effects, principally on the aorta, 
of cessation of cholesterol feeding.*-!! Definite 


regression of the pathologic process is demon- 


strable under this circumstance. The present 
study further shows that: (1) regression may 


be effected during continued ingestion of cho- 
lesterol; (2) this estrogen-induced regression 
may be remarkably effective; (3) it may in- 
volve clearing of both lipidosis and _ fibrosis 
from the vessel wall; (4) it may have a high 
preferential selectivity for the coronary arteries. 

The mechanism of estrogen-induced regres- 
sion of coronary lesions remains obscure. Sev- 
eral possibilities suggest themselves: Conceiv- 
ably—from the peculiar histologic picture of 
the lesions showing partial regression —estrogen 
may induce lipophage activity which effects 
movement of lipids towards the adventitia and 
the perivascular tissue. Likewise, estrogen may 
decrease permeability of the endothelium for 
lipids. In addition to these possible actions of 
estrogen on vascular tissue, the effects of the 
hormone on plasma lipid-lipoprotein complexes 
may be key factors altering atherogenesis. 
These possible mechanisms, obviously hypo- 
thetic at the present stage of knowledge, hardly 
seem to account for one significant phenomenon 
observed in these experiments: regression of 
coronary lesions without effect on aorta athero- 
genesis. This finding may be related to meta- 
bolic differences (qualitative and/or quantita- 
tive) between vascular tissue of the aorta and 
the heart. Further work is necessary to clarify 
these new problems posed by our data. 


SUMMARY 


1. Estrogen reverses coronary atherosclerosis 
in cockerels previously induced by cholestero! 
feeding, despite continued feeding of the cho- 
lesterol diet. 

2. This estrogen-induced regression occurs 
in the presence of continued marked hyper- 
cholesterolemia, of reversal of previously ele 
vated total cholesterol—lipid phosphorus (C/P) 
ratios to normal levels, and of persistent aorta 
atherogenesis. 
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Skin Temperature Response of Normal 
Human Subjects to Various Conditions 


By Water Repiscu, M.D., Epwarp SHEcKMAN, M.D., AND J. Murray STeeve, M.D. 


Ten healthy volunteers (five males and five females), 25 to 41 years of age, were exposed to several 
different environmental conditions in a constant temperature room. It was found that at 20 C. and 
about 55 per cent humidity, about five hours after the last meal, the behavior of the temperature 
of the toe in contrast to that of the finger was consistent, reliable and reproducible. These condi- 
tions, somewhat cooler than those frequently used, were deemed suitable for testing vasodilator 


drugs or procedures. 


NVESTIGATION of skin temperature has 
generally been conducted at environ- 
mental temperatures between 23 C. and 

31 C. This range represents the approximate 
limits of the zone of vasomotor regulation or 
the condition of comfort.'** The environmental 
conditions most often selected have been tem- 
peratures from 24 to 27 C., relative humidity 
of 40 to 50 per cent, and wind velocity of less 
than 1 meter per second. The subject was gen- 
erally in the basal state, awake, lightly clothed, 
and in a semireclining or supine position. Most 
of the work in this field has been carried out 
within these limits.'-* 

These conditions, however, were found to 
be unsuitable for testing the effect of vasodila- 
tor drugs on skin temperatures, for two rea- 
sons: first, the period of time necessary for 
adaptation was impracticably long and spon- 
taneous variations in temperatures recorded 
interfered with the interpretation of the curves; 
second, it was necessary to have the room cool 
enough to maintain the extremities in gentle 
vasoconstriction so that dilation of the vessels 
could be readily recognized. 

It has been shown that even under carefully 
controlled conditions within the zone of vaso- 
motor regulation, a period of from one to two 
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hours is required for adaptation to change in 
environmental temperature, change in posture, 
and partial disrobing.** Instability of finger 
temperatures has been specifically pointed out 
under various conditions®: '°: "+" and is ap- 
parent, although not specifically mentioned, in 
curves published by Sheard and his group.”: 

It was the object of this study to learn the 
most comfortable environmental conditions un- 
der which surface temperature of the extrem- 
ities of normal individuals is sufficiently pre- 
dictable, reproducible, and cool enough to test 
vasodilation. 


METHODS AND MATERIAL 


Experiments were conducted in a constant tem- 
perature room. After preliminary trial at various 
temperatures, two sets of environmental conditions 
were chosen for further study: 20 C. + 1 C. and 
22 C. + 1 C., with relative humidity between 51 
and 57 per cent and wind velocity at a little less 
than 1 meter per second. These environmental con- 
ditions were each varied further by allowing the 
patients to have lunch 30 to 90 minutes before be 
ginning the experiment in one series and omitting 
lunch in another so that the experiment was begun 
about five hours after breakfast. Ten subjects were 
tested under all of these four conditions. Five of the 
subjects were also tested at the lower temperature 
(20 C.), having fasted since the evening of the pre- 
vious day except for water. The subjects were 
healthy adults, five men and five women, varying 
from 25 to 41 years of age. 

The experimental period was 180 minutes 01 
longer, beginning between 12:00 noon and 1:30 p.m 
in the first four conditions, and between 9:00 and 
10:00 a.m. in the fifth condition. The subjects wer 
supine, head elevated on one pillow, wore cotton 
pajamas, and were covered with one sheet. The) 
were kept awake throughout the period by mean: 
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f conversation, reading or music. None of the sub- 
cts had taken any drug or alcoholic beverage on 
he day of the experiment or smoked for at least 30 
iinutes prior to the beginning of the experimental 
eriod. 
Temperatures were recorded automatically by 
.eans of a six point Leeds and Northrup Speedo- 
‘ax. This machine affords an accuracy of +0.15 C. 
‘he rate of recording was such that the temperature 
t each of the six points was recorded every 22.5 
onds through a three hour experimental period. 
hus a quasicontinuous curve was obtained. Welded 
on-constantan thermocouples were made from 30 
wauge thermocouple wire insulated with extruded 
nylon. The thermocouples were placed on the skin 
under a 1 em. square of foam rubber held in place 
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4. NL-20C., five hours after breakfast; no 
lunch; at 20 C. 

5. NB-20 C., following fast from the previous 
evening (no breakfast), except 
for water, beginning at 9 a.m. 
the next morning. 


At the end of the period of study the skin 
temperatures all were between 18 and 38 C. 
For purposes of easy description of behavior 
of skin temperatures, this 20 degree range was 
divided in four 5 degree zones and the number 
of individuals falling into each zone counted 
(table 1). 


TaBLE I.—Tabulation of 10 Individuals According to Surface Temperatures of Their Extremities at the End 


Zones of Temperature 


L-22 C. 
33.1-38 C. | ee 
28.1-33 C. | @e0ece 
23.1-28 C. ry y) 
6 -9 C. * 


33.1-38 C. @00000008@ 
28 .1-33 C. @ 

23.1-28 C. 

is -233.C. 


* [.—with lunch; NL—without lunch. 


by scotch tape. The rectal thermocouple was fixed 
by 00 silk and collodium within a 16 F soft urethral 
catheter. Temperatures were recorded in all subjects 
from the midforehead, palmar surface of the terminal 
phalanx of the right middle finger, and the plantar 
surface of the distal phalanx of both great toes. 
Rectal temperatures were recorded in about half the 
experiments. The sixth thermocouple was used as an 
exploratory one, temperatures being taken from dif- 
ferent sites such as the skin over the zygoma, the 
xiphoid and the lateral aspect of the leg or thigh. 


RESULTS 
The five sets of circumstances under which 
skin temperatures were studied were, then: 


|. L-22 C., 30 to 90 minutes after lunch at 
22 C. 
NL-22 C., five hours after breakfast; no 
lunch; at 22 C. 
L-20 C., 30 to 90 minutes after lunch at 
20 C. 


of Experimental Period under Four Different Environmental Conditions 


Environmental Conditions* 





NL-22 C. | L-20 C. NL-20 C. 
| 
Toes 
° | 
ee eco | 
CCCCCee Ceeeee 20000080088 
Fingers | 
eeeece ecco | @@e 
ce) | e000 eee 
ee | @@@ 


TABLE 2.—Data on Adaptation of Toes under Five 
Environmental Conditions 

Adaptation to the various conditions is considered 

complete for the purposes of this study when the tem- 

perature has remained constant within a range of +1 C. 








for a period of 30 minutes. 
Ve ; F Average Range of 
Environmental Number|/ Number) Adapta- Adantation 
Condition* Tested |Adapted| tion Tuaenamiome 
| Time I 
minules C. 





L—22 C. 10 4 99 | 25.7-26.5 
NL—22 C. 10 9 91 23 .2-24.2 
L—20 C. 10 ‘a 92 | 21.7-22.7 
NL—20 C. 10 10 60 | 20.5-21.5 
NB—20 C. 5 5 118 | 20.5-21.5 


* L—with lunch; NL—without lunch; NB—with- 
out breakfast. 

Toes: As the conditions are changed succes- 
sively from condition 1 to condition 5, the fre- 
quency with which toe temperatures reach the 
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lower zones increases progressively (table 1). 
In L-22 the distribution is more widely 
spread and there is little tendency for the toe 
temperatures to fall. Under conditions NL-20 
C. and NB-20 C., only once did a toe fail to 

reach the — temperature zone. Under con- 
ditions NL-22 C. and L-20 C. the pattern of 
distribution is i between these two 


























eDlideilaedaitag)-denlitalaphibloaieiiinshaal-apeg oa 


Fics. 1 (left) and 2 


extremes with the majority of toes ending in 
zone 18 C. to 23 C. 

Fingers. The number of individuals whose 
finger temperatures remained in zone 23 C. to 
28 C. also become progressively fewer as condi- 
to NB-20 C. Very few finger temperatures fall 
into zone 18 C. to 23 C., however, either at the 
beginning or at the end of the experimental 
periods (table 1) 

In general, the temperature of the toes be- 
gins at a lower level than that of the fingers, 
shows a much more consistent and marked 


tions are changed in succession from L-22 C. 





* NORMAL SUBJECTS 


tendency to fall, and ends at a much lower 
level than that of the fingers. These differences 
are least apparent in condition L-22 C. and 
most apparent in NL-20 C. and NB-20 C 
(table 2). 

Forehead. The temperatures taken from thx 
forehead began and remained in the highes 
zone throughout all but two of the 45 experi 

















| Ma 
eel 


(right). Simplification of quasicontinuous curves of temperatures taken from 
the great toes, finger, and forehead, under conditions 1 to 4 for each individual. The columns represent 
the range of the temperatures taken at the designated point in each of the 20 successive nine-minute 
periods. 

LGT—left great toe; RGT—right great toe; RMF 
temperatures in degrees centigrade; Abscisse 


right middle finger; F—forehead; Ordinate— 


-time in minutes. 


ments. In those two exceptions, both under 
condition 5, the temperatures were between 
32 C. and 33 C. 

The time taken for the temperature of the 
toes to arrive at a sufficiently steady state to 
test for a vasodilator effect was usually about 
90 minutes, although usually a steady down- 
ward trend would permit testing within 45 
minutes to an hour (figs. 1, 2, and 3). On the 
other hand, the fingers usually failed to behav« 
in a predictable fashion. Even under the cool 
est environmental and strictest basal condi 
tions imposed, they continued, as has oftei 
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heen reported, to fluctuate widely and irregu- 
larly. The fingers are, therefore, obviously not 
uitable for testing vasomotor drugs. 
With the exception of three instances oc- 
urring in different individuals, the tempera- 
ire of the forehead was stable and adapted 
‘rom the onset of the experiments. 


range in all individuals under all conditions 
and showed no tendency to change throughout 
the experimental periods. The temperatures 
over the zygoma, over the xiphoid process of the 
sternum and the lateral aspect of the leg and 
thigh behaved similarly to the forehead tem- 
peratures but at lower levels. Temperatures 





Fic. 3. Simplification of quasicontinuous curves of temperatures taken from the great toe, finger 
and forehead for the five individuals tested under condition 5. The columns represent the range of the 
temperatures taken at the designated point in each of the 20 successive nine-minute periods. 

LGT—left great toe; RGT—right great toe; RMF—right middle finger; F—forehead; Ordinate— 
temperatures in degrees centigrade; Abscisse—time in minutes. 


The height of the column in the abstracts 
of the temperature records (figs. 1, 2, and 3) 
: ffords an index of the spontaneous variations 
during any given period of time. The variabil- 

y of the surface temperature of the finger, 
egardless of the environmental conditions or 

1etabolic state, in contradistinction to that 
uf the toes, is readily apparent. 

The rectal temperatures were within normal 


taken over the zygoma fell within the range of 
32.2 C. to 36.5 C.; those taken over the lateral 
aspect of the leg ranged between 29.2 C. and 
35 C., while temperatures over the xiphoid 
ranged from 32.7 C. to 37 C. 


DISCUSSION 


A test of vasodilator activity is necessarily 
based on release from a state of vasoconstric- 
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tion. To compare various substances accurately, 
the stimulus to constriction should be uniform. 
In this study, a standard period of inactivity 
in a comfortable, cool environment, and, in 
more than half of the experiments, the with- 
holding of food, have been the stimuli used to 
produce, in a relatively short time, a standard 
state of increased vasomotor tone in normal 
individuals. 

The variability of finger temperature is con- 
sistent with the concept that the fingers par- 
ticipate to a greater extent than any other 
area in the fine adjustments of the heat dissi- 
pation mechanism. The temperature of the 
finger becomes more stable at high environ- 
mental temperatures, when it approaches 
“maximal vasodilation.’® At such tempera- 
ture levels response to vasodilating agents or 
procedures cannot be expected. The fingers 
might more readily be employed to test vaso- 
constrictor drugs. If environmental tempera- 
tures are low enough to cool the fingers, 
temperatures considerably below the lower 
temperature used in this study would be 
necessary and would involve considerable 
discomfort for the subject. 

The forehead temperatures as well as those 
of the face, trunk, and the upper portions of 
the extremities show great stability. Conse- 
quently, relatively small changes in the tem- 
perature of these areas after the use of an 
agent or procedure can be regarded as signif- 
icant. Insofar as the forehead is concerned, 
a relatively abrupt rise of temperature of as 
little as 1 degree cannot be expected to occur 
spontaneously. 

The patterns of response in the toes differed 
greatly under the five conditions. Under con- 
dition L-22 C. adaptation occurred in less 
than half of the individuals and when it did 
occur, was late and at relatively high tempera- 
ture. In at least half of the subjects, curves 
were generally unstable. Consequently, this 
condition must be regarded as unsuitable for 
experiments with vasodilating agents or pro- 
cedures. 

Under condition NL-20 C. temperature of 
the toes reached a steady enough state at 
suitable levels quickly enough to be practical 
for study of vasodilator drugs. A variation 


away from the trend of two degrees or more, 
after an adaptation period of an hour would be 
unlikely to occur by chance. 

Under condition NB-20 C. (fig. 3) adapta- 
tion or the establishment of a reliable tren 
occurred in all cases, but later than under any 
of the other conditions. This condition was no 
considered practical because the subjects wer: 
restless and complained of cold, hunger anc 
drowsiness. 

Some individuals adapt well without luncl 
at 22 C. and others adapt well at 20 C. witl 
lunch (figs. 1 and 2). All subjects, however 
adapted well when the lower temperature anc 
fasting were both imposed. It is concluded that 
condition NL-20 C. is the most suitable fo 
experiments designed to test and compare vaso- 
dilating agents or procedures by means of skin 
surface temperature of the lower extremities, 
specifically the plantar surface of the toes. 

Striking qualitative differences in the pat- 
terns of response of the terminal phalanges of 
the extremities and other areas of skin to var- 
ious stimuli are apparent. The forehead, trunk, 
thigh and leg remain close to body tempera- 
ture. The terminal phalanges vary so widely 
that it is evident that they are the principal 
participants in the mechanisms responsible for 
regulation of heat loss. The coarse adjustment 
appears to be chiefly accomplished by the toes. 
The fact that the fine minute to minute ad- 
justment is accomplished by the fingers may 
easily account for their unreliability as a test 
object for vasodilator effects. 


SUMMARY 


1. A study of several environmental condi- 
tions has shown that at 20 C. with a humidity 
of 50 to 55 per cent after a fast of at least four 
hours, the temperature of the skin of the plan- 
tar surface of the toes of most normal indi- 
viduals is a suitable test object for vasodilator 
effects. Under these circumstances a steady 
downward trend or stabilization of surface tem- 
perature will usually take place within an hour. 
A rise of 2 degrees or more can, therefore, be 
attributed to the effect of a vasodilator agent 
since it would not be expected to occur spon- 
taneously. 

2. The temperature of the skin of the fingers 
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is too variable to be suitable for testing vaso- 
cilator agents under any of the conditions 
tested. 

3. The forehead, trunk, thigh and leg are 
‘haracterized by stable temperature curves at 
|-vels near rectal temperature. These sites are 
.onsidered suitable for the testing of vasodilat- 
iug agents and procedures insofar as they af- 
ieet the “blush” areas. A rise of 1 C. or more 
i. these areas cannot be expected to occur 
-pontaneously. 
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Mitral Stenosis with Exertional Cyanosis and 
Pulmonary Hemosiderosis 


By James A. Wier, M.D., Amo J. Piccout, M.D., Davin G. GreeNE M.D., AND CLAyton W. 
GREENE, M.D. 


A patient with mitral stenosis is reported who suffered from exertional cyanosis for the last eight 
years of his life. Radiologic examination of his chest demonstrated a diffuse pulmonary hemosid- 
erosis, which was confirmed at autopsy. Physiologic studies in the last few weeks of life showed 
that the cyanosis was not due to impairment of oxygenation of the blood in the lungs but rather to 
slowed circulation, possibly augmented by local changes in the anatomy of the vessels of the skin. 


HE OCCURRENCE of cyanosis in pa- 
tients with mitral stenosis has long been 
noted, and cyanosis of the lips, ears and 
cheeks, the “mitral facies,”’ has been considered 
typical of that lesion. The subject has been re- 
viewed by Cossio and Berkonsky,' who reported 
clinical and physiologic studies in 20 cases of 
mitral stenosis with cyanosis. In six of these 
patients they attributed the cyanosis to stasis 
of the circulation, as indicated by a high arterio- 
venous difference in the oxygen content of 
blood in peripheral arteries and veins. In 10 
other patients they found both stasis and ar- 
terial oxygen unsaturation. In the remain- 
ing four patients the data did not explain 
the cyanosis but the authors postulated the 
presence of dilated venous capillaries in the 
skin. In no patient was arterial oxygen un- 
saturation the only cause of the cyanosis. 
Conspicuous granular hemosiderosis of the 
lungs, an uncommon complication of mitral 
stenosis, is usually discovered radiographically 
and is sometimes confused with other causes of 
miliary densities or calcification in the lungs. 
Pendergrass, Lame and Ostrum? were able to 
find only 17 cases with autopsy. Reports based 
on radiographic studies alone would increase 
this total.*: 4: ® No report of pulmonary func- 
tion or arterial oxygen saturation studies in 
such cases has been found. Cyanosis has not 
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been mentioned prominently in the case his 
tories. 

This report presents a case of mitral stenosis 
with severe exertional cyanosis. Despite the 
roentgenographic and pathologic findings of ex- 
tensive pulmonary hemosiderosis, physiologic 
appraisal of cardiac and pulmonary function 
indicate that the cyanosis was chiefly a stasis 


phenomenon, rather than secondary to the ana- 
tomic changes in the lungs. 


CasE REportT 
Clinical Data 


E. B., a 46 year old white accountant, first con- 
sulted one of us (C. W. G.) because of increasing 
dyspnea on exertion of three months duration. His 
past history included recurrent attacks of rheu- 
matic fever between the ages of 12 and 15 years with 
sufficient recovery to play semiprofessional baseball 
without difficulty. Cyanosis on exertion had been 
present for eight years, and for several years he had 
limited his activity because of shortness of breath 
and fatigue. These were not bothersome complaints 
until about three months before he was first seen. He 
complained also of increasing fatigue, insomnia and 
slight ankle edema, of recent development. 

He was strikingly cyanotic after the slightest 
exertion, but after a few minutes rest in a warm 
room his color returned to normal. The cyanosis in- 
volved lips, nail beds, ears, cheek and trunk particu 
larly. The other important physical findings included 
a totally irregular heart with a loud, blowing apical 
systolic murmur, accompanied by a split first sound. 
The second sound in the pulmonary area was ac- 
centuated. A diastolic murmur at the apex was 
audible distinctly at times, but at other times no 
diastolic murmur could be heard. The liver was en- 
larged 8 cm. below the costal margin but was not 
tender. There was slight ankle edema. The lungs 
were normal on physical examination. Routine lab- 
oratory findings were not remarkable except for a 
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terminal urinalysis which showed albumin and mi- 
croscopic red and white blood cells, and the electro- 
eardiogram which showed auricular fibrillation and 
right ventricular preponderance. 

X-ray examination revealed the cardiac shadow 
to be considerably enlarged (fig. 1). The left auricle, 
pulmonary artery and right ventricle were enlarged, 
and the vascular markings were increased in the 
hilar areas bilaterally. In addition, the lung fields 
showed diffuse, small, evenly distributed nodulations 
(fig. 2), and a few irregular pea-sized areas of calci- 
fication scattered over the lower lung fields. It was 
felt that the cardiac silhouette was quite typical of 
mitral stenosis and that the pulmonary changes were 
those of nodular hemosiderosis. 


Fic. 1. Posterior-anterior roentgenogram of the 
chest. 


Under observation his dyspnea and fatigability 
progressed rapidly although, disregarding advice, he 
continued to work for five months. Two weeks be- 
fore he died he was persuaded to enter the hospital 
briefly for diagnostic studies, including cardiac cathe- 
terization. He remained thereafter at rest at home 
until 24 hours before death when he was readmitted 
because of increasing dyspnea and ankle edema, in- 
somnia and fatigability. His lungs remained clear 
on auscultation until the time of death. 


Physiologic Data 


During the last month of his life this patient’s 
cardiopulmonary function was studied using the 
procedures of Baldwin, Cournand and Richards® and 
by cardiac catheterization. Blood pressures were re- 
corded by a Hathaway blood pressure recording sys- 
tem.’ The results appear in table 1. Vital capacity 
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and maximal breathing capacity were reduced to 
70 and 55 per cent of normal, respectively. Hyper- 
ventilation was present at rest and was prolonged 
during the period of recovery after the standard 
exercise to such an extent that ventilation was still 
increasing at the end of the fourth minute. The 
oxygen consumption was normal at rest but failed 
to increase normally during the standard exercise. 
The rate of oxygen removal from each liter of ven- 
tilation was low at rest and fell even lower during 
exercise. The arterial oxygen saturation was slightly 
below normal at rest and after exercise rose to nor- 
mal. The pulse rate rose so that an accurate count 
was not obtained but was still 160 at the sixth 
minute of recovery. Dyspnea persisted for 10 min- 


Fia. 2. Detail of the chest roentgenogram. 


utes. The pressures in the pulmonary artery and the 
right ventricle revealed hypertension of the pulmo- 
nary vascular system and also an elevated diastolic 
pressure in the right ventricle, indicative of right 
heart failure. The arteriovenous difference in blood 
oxygen content was increased to more than twice 
the normal value. Cardiac output and stroke volume 
were greatly reduced. 


Pathology 


Post-mortem examination was performed five 
hours after death. (Buffalo General Hospital autopsy 
number 7082.) 

The noteworthy findings included marked cya- 
nosis about the face, neck and upper chest, ears, 
lips and fingernails. Each pleural cavity contained 
150 ec. of clear straw-colored fluid. The lungs ap- 
peared fairly well expanded and had the character- 
istic color and consistency of “brown induration” 
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TABLE 1.—Results of Function Studies 


I. Pulmonary function tests, one 
month before death 
Vital capacity, ee. 
Maximal breathing capacity, 
L./min. 


Ventilation, 
surface 
Rest 
Exercise ene 
Ist minute of recovery. 
2nd minute of recovery 
4th minute of recovery 


L./min./M.2_ body 


Pulse rate 
Rest imate 
6th minute of recovery 


Oxygen consumption 
ec./min./M.? body surface 
Rest 
Exercise : 
ec./L. of ventilation 
Rest. . 
Exercise... . 


Arterial blood 


Oxygen content, vols. % 
Oxygen capacity, vols. % 
Oxyhemoglobin saturation, %. 
Carbon dioxide tension, mm. 


. Cardiac catheterization, two 
weeks before death. (Repre- 
sentative values taken from a 
series of observations on one 
day.) 

Blood pressures, mm. Hg 
Femoral artery 
Right ventricle 
Pulmonary artery 

Peripheral venous pressure, mm. 

saline. 

Arteriovenous oxygen difference, 

vols. % (simultaneous pul- 
monary and femoral arterial 
samples) 

Cardiac output, L./min. . . 

Cardiac index, L./min./M.? body 

surface 

Stroke volume, cc. 


Observed  Predicted® 


2850 


63 


134 


ore 


“0f 


29.6 46.1 
25.0 55.7 
Rest Recov- 
ery 
20.0 20.9 
22.0 21.9 
91.7 96.3 


31 


96/65 
84/10 
82/51 


165 


12.0 
1.76 


0.97 
22 


seen in chronic passive congestion. On various sec- 
tions a state of congestion was obvious, but edema 
was minimal. Palpation of the lower portions of the 


lungs disclosed numerous grayish-white bony pellets 
varying in size from that of a pinhead to that of a 
small pea. 

The pericardial surface was smooth and glisten 
ing, and the pericardial cavity contained 50 ce. ot 
clear, straw-colored fluid. There was distinct enlarge- 
ment of the heart, particularly of the right side 
The heart weighed 560 Gm. The right ventricle and 
right atrium were both distended. The enlarged tri- 
cuspid valve measured 16.3 em. in circumference 
the pulmonary valve measured 10 em. In structur 
these valves were otherwise normal. The pulmonary 
artery was dilated and showed arteriosclerosis ex 


Fic. 3. Postmortem roentgenogram of the right 
lung. 


tending out into the major branches. There was 
marked dilatation of the left atrium which contained 
a large mural thrombus firmly attached to the wall. 
The auricular appendage also contained thrombi. 
The mitral ostium was severely stenosed and had a 
typical fishmouth appearance. Both cusps were firm 
and indistinguishably fused to each other with their 
edges diffusely thickened and fibrotic. No vegeta 
tions were present. The circumference of the mitral 
ring was 4.1 em. The aortic valve measured 6.6 cm. 
in circumference and revealed a slight degree of 
calcific stenosis. The left and the posterior semilunar 
leaflets were adherent to each other. The average 
thickness of the right ventricle measured at the 
pulmonary conus was 0.6 em, and that of the left 
measured at the anterior wall was 1.5 em. There 
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vas moderate arteriosclerosis of the coronary ar- 
‘eries with little or no narrowing of their lumina. 

The abdominal cavity contained 1500 cc. of ascitic 
juid. The liver weighed 1300 Gm. It was firm and 
yn section showed the nutmeg appearance of chronic 
yassive congestion. The spleen was enlarged, firm, 
veighed 340 Gm. and appeared congested. At the 
oot of the mesentery at an area supplying the mid- 
portion of the ileum a partially calcified tuberculous 
node was found, but there were no mucosal sears. 
Postmortem roentgen photogram of the right lung 
shows very clearly the uniform finely granular, whit- 
sh shadows as well as a few small calcified nodular 
osteomas (fig. 3). The photogram of the left lung is 
of identical appearance. 

Upon microscopic examination the most impres- 
sive features were the nodular focal deposits of 


Fig. 4. Photomicrogram of the lung showing hemo- 
siderin deposits. 


eranular hemosiderin which were found in abnormal 
amounts scattered throughout the lungs, both intra- 
alveolar and interstitial in position (fig. 4). These 
hemosiderin deposits were predominantly intra-alve- 
olar, however, expanding the alveolar walls and 
moderately compressing the surrounding alveoli. 
Many subpleural deposits of hemosiderin were noted. 
In addition, there was a diffuse spread of hemo- 
siderin-laden cells in groups of two or three through- 
out the lung. In specific stains for iron pigment 
(Prussian blue) these focal deposits were strongly 
positive. A bluish imbibition of the stroma about 
the hemosiderotie areas was noted. 

Cuboidal endothelium (occasionally referred to as 
alveolar epithelium) was noted lining many alveoli 
fig. 5). It was similar to that frequently found asso- 
ciated with partial atelectasis or chronic pneumo- 


nitis. The interstitial tissue was fairly prominent 
and in areas showed hyaline degeneration, the septa 
of the hemosiderin-laden alveoli being especially in- 
volved. A small amount of calcification was occa- 
sionally noted in the septal fibers and even in the 
walls of the dilated veins. The characteristic dilata- 
tion and tortuosity of chronic passive congestion 
were seen in the alveolar capillaries. Thrombi were 
found in some capillaries and in a few small caliber 
branches of the pulmonary artery. There were no 
infarct-like hemorrhages. Interstitial hemorrhages 
surrounding small pulmonary veins were occasionally 
seen, however. 

The liver showed central necrosis, old and recent, 
and chronic congestive changes. There was marked 
congestion of the spleen with fibrosis. Distinct edema 
and diffuse scarring of the myocardium were noted. 


Fig. 5. Photomicrogram of the lung showing cub- 
oidal epithelium lining alveoli. 


DIscussIon 


The minimal arterial oxygen unsaturation at 
rest and the normal arterial oxygen saturation 
after exercise indicate that failure of oxygena- 
tion of blood in the lungs plays essentially no 
part in the development of this patient’s cya- 
nosis. The slow blood flow, on the other hand, 
is perfectly adequate to account for cyanosis 
which might have been expected even at rest. 
Hickam and Cargill’ have studied the response 
to exercise of failing hearts whose output could 
not be increased. They found that a dispro- 
portionate increase of the arteriovenous differ- 
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ence in blood oxygen content is typical. Al- 
though this subject’s cardiac output was not 
measured during exercise, it almost certainly 
would not increase in proportion to the demand 
for blood flow. With the increased tissue de- 
mands for oxygen his arteriovenous oxygen 
difference increases. The mean capillary oxygen 
saturation thus falls, and the increased amount 
of reduced hemoglobin in the capillaries ac- 
counts for his cyanosis. 

If the cyanosis is due to a limitation of blood 
flow, it does not seem likely that this limitation 
of flow has been on the basis of myocardial 
insufficiency for the eight years preceding 
death. Had myocardial failure been present 
all that time, one might have anticipated more 
of the other signs of myocardial failure and a 
more rapid progression. An alternative explana- 
tion is that an adequate increase of blood flow 
during exercise was prevented by the extremely 
small mitral orifice. At the time of the func- 
tion studies, congestive failure, of course, was 
present. 

One further point in relation to the cyanosis 
needs emphasis. Lundsgaard and Van Slyke® 
found that particularly in the presence of ve- 
nous stasis the number, length and width of 
superficial blood-filled capillaries increased and 
contributed to the cyanosis. In the present 
patient in the areas of most pronounced cyano- 
sis over the malar regions and over the ears, 
small distended venules were apparent on close 
observation and may have contributed to the 
cyanosis. 

Although the radiologic and pathologic pic- 
ture of hemosiderosis is a striking one in this 
patient it apparently had a relatively minor 
adverse effect on pulmonary function. The ar- 
terial oxygen saturation was only slightly re- 
duced at rest, so that the patient was appar- 
ently able to compensate for the unfavorable 
factors revealed by the microscope. This was 
done only by great hyperventilation and the 
compensation was not complete. In the face of 
such severe cardiac dysfunction with pulmo- 
nary congestion it is difficult to assay the 
degree of purely pulmonary disability, and 
abnormal findings must be interpreted with 
caution. Many of the abnormalities in this pa- 
tient point to pulmonary congestion. The spiro- 


gram shows slowing of inspiration and expira- 
tion of about equal degree, as is seen in patients 
with diminished pulmonary elasticity. The limi- 
tation of vital capacity and maximal breath- 
ing capacity are of a moderate degree quit« 
consistent with pulmonary congestion present. 
The low oxygen consumption during the 
minute of exercise, not associated with arterial 
oxygen unsaturation, the extreme and_per- 
sistent tachycardia, and the 10-minute dura- 
tion of dyspnea are all indications of cardiac 
disease primarily rather than of intrinsic pul- 
monary disease. Cardiac disease with pulmonary 
congestion has been observed to produce simi- 
lar impairment of performance of these tests. 
The relative importance of the pulmonary con- 
gestion secondary to mitral stenosis and of 
the hemosiderosis of the lung in the alteration 
of pulmonary function is impossible to assess. 
The benign nature of hemosiderosis so far as 
clinical involvement of lung function is con- 
cerned has been pointed out before.?: * 

Parker and Weiss'® have described the 
changes which occur in the capillaries of the 
lungs secondary to severe long-standing mitral 
stenosis. Some of these changes were observed 
in the present patient, with tortuosity and 
dilatation of the vessels, and thickening and 
fibrosis of the adjacent stroma. Occasional septa 
showed hyalinization and occasional capillary 
thrombi were seen. These changes are presum- 
ably due to the high pulmonary venous and 
capillary hydrostatic pressure and the slow pul- 
monary blood flow. 

Extravasation of blood into the alveoli is 
consistently seen in chronic passive congestion 
of the lungs with the liberation of blood pig- 
ments which then are phagocytized by macro- 
phages, producing the so-called “heart failure 
cell.” But ordinarily these cells are diffusely 
scattered singly or in small groups throughout 
the lungs and produce no roentgenologic 
changes. Scott, Park and Lendrum! con- 
trast with this usual picture the lesions of 
pulmonary hemosiderosis which they suggest 
are the late results of hemorrhage into a ter- 
minal air passage. They illustrate by post- 
mortem x-rays the finding of focal hemosiderin 
in a single portion of the lung. Bronchial vein 
varicosities have been suggested as the source 
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of such hemorrhage,’ but since in this patient 
many of the hemosiderin deposits were sub- 
pleural in location, where the bronchial circu- 
lation is ordinarily lacking, the pulmonary 
vessels seem a more likely source. With long- 
standing pulmonary hypertension and capillary 
dilatation diapedesis of red cells may occur into 
the alveolar spaces and into the interstitial tis- 
sue. Whether the extent of this hidden bleeding 
is associated with the duration and degree of the 
pulmonary hypertension is an open question. 
The rarity of the focal changes suggests that 
some other unknown factor may also be in 
operation. 

Disseminated nontuberculous ossification of 
the lungs has been reviewed by Wells and Dun- 
lap,'® and the pathogenesis of these lesions has 
been outlined by Terplan" on the basis of 
thrombi in the capillaries of the alveolar walls. 
Such thrombi in capillaries were observed in 
the present patient. Elkeles and Glynn! postu- 
late a specific rheumatic pneumonia rather than 
long-standing passive congestion as the origin 
of such ossification. The association of these 
bony lesions with mitral stenosis is well known. 


On the other hand, they have been observed 
also in congestive heart failure from nephro- 
sclerosis.'® Association with hemosiderosis has 
not been stressed previously and is perhaps 
fortuitous. 


SUMMARY 


A ease of mitral stenosis with long-standing 
exertional cyanosis and a striking radiologic 
and pathologic picture of pulmonary hemosi- 
derosis is reported. The cyanosis was demon- 
strated to be due primarily to stasis of the 
circulation and not the result of poor gas ex- 
change in the lungs. 


REFERENCES 


'Cossio, P., AND Berkonsky, I.: The cyanosis in 
mitral stenosis. Am. Heart J. 17: 1, 1939. 


2 PenperGRaSs, E. P., Lame, E. L., anp Ostrum, 
H. W.: Hemosiderosis of the lung due to mitral 
disease. Am. J. Roentgenol. 61: 443, 1949. 

3 Hurst, A., Basstn, 8., AND Levine, I.: Miliary 
densities associated with mitral stenosis. Am. 
Rev. Tuberc. 49: 276, 1944. 

4 Ryper, H. W., anp Rerneke, H. G.: Pulmonary 
roentgenographic changes due to mitral stenosis 
simulating those due to silicosis. Am. Heart J. 
29: 327, 1945. 

°SaHNn, 8S. H., anp Levine, I.: Pulmonary nodules 
associated with mitral stenosis. Arch. Int. Med. 
85: 483, 1950. 

® BaLpwIn, E. pEF., CouRNAND, A., AND RICHARDS, 
D. W., Jr.: Pulmonary insufficiency. I. Physio- 
logical classification, clinical methods of analy- 
sis, standard values in normal subjects. Medi- 
cine 27: 243, 1948. 

7ScHaFrer, P. W., anp Suirer, H. W.: An im- 
pedance gauging system for measurement of 
biologic variables. Surgery 26: 446, 1949. 

8’ Hickam, J. B., AND CarGILL, W. H.: Effect of 
exercise on cardiac output and pulmonary ar- 
terial pressure in normal persons and in patients 
with cardiovascular disease and pulmonary em- 
physema. J. Clin. Investigation 27: 10, 1948. 

® LuNDSGAARD, C., AND VAN SiyYKE, D. D.: Cya- 
nosis. Medicine 2: 1, 1923. 

10 PaRKER, F. JR., AND WEISS, 8.: The nature and 
significance of the structural changes in the 
lungs in mitral stenosis. Am. J. Path. 12: 573, 
1936. 

41 Scort, L. D. W., Park, 8. D. S., anp LENDRUM, 
A. C.: Symposium: Clinical, radiological and 
pathological aspects of pulmonary hemosidero- 
sis. Brit. J. Radiol. 20: 100, 1947. 

2 Fercuson, F. C., Kopimak, R. E., anp Derrrick, 
J. E.: Varices of the bronchial veins as a source 
of hemoptysis in mitral stenosis. Am. Heart J. 
28: 445, 1944. 

83 Weis, H. G., anp Dunuap, C. E.: Disseminated 
ossification of the lung. Arch. Path. 35: 420, 
1943. 

4TreRPLAN, K. L.: The pathogenesis of tuberous 
bone formation in the lungs. Am. J. Path. 22: 
632, 1946. 

15 {LKELES, A., AND GLYNN, L. E.: Disseminated 
parenchymatous ossification in the lungs in 
association with mitral stenosis. J. Path. & 
Bact. 58: 517, 1946. 

16 TreRPLAN, K. L.: Personal communication. 





Chronic Lung Disease, Polycythemia and 
Congestive Heart Failure 


Cardiorespiratory, Vascular and Renal Adjustments 
in Cor Pulmonale 


By Cryion 8S. Lewis, Jr., M.D., Arrour J. Samuess, M.D., Merritt C. Darnes, M.D., 
AND Hans H. Hecut, M.D. 


The relationship of chronic lung disease, congestive heart failure and polycythemia has been 
examined in 32 subjects including “normal” and ‘‘abnormal”’ controls. The study revealed dif- 
ferences and similarities between cor pulmonale and other types of heart disease. The observations 
demonstrated a correlation between arterial oxygen tension, as calculated from oxygen content and 
oxygen capacity, and pulmonary artery pressure. Lowered renal clearance was present. in 
all instances of congestive failure, irrespective of its etiology or of the resting level of cardiac output. 
It seemed from this preliminary study that bleeding a polyeythemie subject with chronic lung 
disease uncovers a state of oxygen unsaturation that may reflect the conditions which originally 
led to the development of secondary polycythemia. The possible significance of “oxygen transport” 
and of altered blood fluidity on the mechanism of heart failure in chronic lung disease is discussed. 


EVERAL studies of cardiovascular fune- 
tion in subjects suffering from chronic 
lung disease with or without congestive 
heart failure have been reported recently.'-® 
It is generally assumed that patients with cor 
pulmonale have an elevated or high resting 
cardiac output,‘ * that regardless of the state 
of failure, pulmonary artery pressures are ele- 
rated, and that arterial unsaturation may be 
present to an excessive degree. As in other 
types of heart failure, plasma volume is in- 
creased *-7 and renal blood flow is grossly 
impaired.’: §-° 
There is little definite information however, 
concerning the role of the kidney in “high out- 
put” heart failure and the factors leading to 
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polycythemia in such circumstances are ob- 
scure. The work to be described was undertaken 
in an attempt (1) to correlate cardiorespiratory, 
vascular and renal changes at rest and after 
exercise in subjects with chronic lung disease 
with and without polycythemia and with and 
without signs of congestive failure, and (2) to 
compare the findings made on these patients 
with those in normal subjects and in patients 
with heart failure due to other causes. 


MATERIAL 


Thirty-two subjects were studied. According to 
clinical findings they fell into five separate groups: 
I. The normal group consisted of 10 nonhospi- 
talized adult male volunteers 24 to 42 vears of age 
(average 30.4) who were shown to be healthy 
subjects by physical examination and laboratory 
tests, including chest x-ray and electrocardiograms. 
II. The “control cardiac” group consisted of six 
patients with heart disease of various etiologies. 
Their ages ranged from 21 to 75 years. All had 
been in clinical failure in the past and had responded 
to the usual hospital and outpatient treatment. 
Five of the six subjects had auricular fibrillation. 
III. The ‘chronic lung disease” group consisted of 
five patients from 35 to 69 years of age, who had 
pulmonary fibrosis and emphysema of long standing 
but had not been in cardiae decompensation prior 


Circulation, Volume VI, December 1952 





LEWIS, SAMUELS, DAINES AND HECHT 875 


o the time of the studies. In cases 17, 18, 19, and 
21 of tables 1 and 2 there was severe emphysema, 
ind patient 20 had saccular bronchiectasis of all 
obes. One of these patients, case 17, was readmitted 
n congestive failure approximately one month after 
the studies were completed. This patient and subject 
20 had significant polycythemia. Although these 
patients had not manifested evident congestive heart 
‘ailure, the presence of heart disease secondary to 
‘hronic lung disease, though giving no symptoms at 
the time of the study, could not be ruled out. Indeed 
in the two polyeythemic subjects there were electro- 
cardiographie changes suggestive of right ventricular 
“strain.” 

IV. The six patients comprising the group of 
“cor pulmonale” with failure and with polycythemia 
ranged from 57 to 72 years of age. All had significant 
secondary polycythemia, and all had had _ heart 
failure in the past, and all had been treated in the 
hospital by the usual means of bed rest, oxygen, 
digitalis, low salt diet, and, in some cases, mercurial 
diuretics. Only case 26 had not been digitalized prior 
to these studies. 

V. The group of “cor pulmonale” with failure but 
without secondary polycythemia is comparable to the 
preceding group except that polycythemia was not 
present. The age range in this group of five subjects 
was 48 to 58 years. All of these patients had, at one 
time, manifested clinical cardiac decompensation, 
and in four of the group (cases 28, 29, 30 and 32) 
the red cell mass had been reduced to normal 
values by phlebotomy. One patient (case 32) had 
recently bled from a peptic ulcer. 

The diagnosis of cor pulmonale was based on (a) 
the presence of chronic lung disease, by history, 
physical examination, and chest x-ray; (6) right 
ventricular enlargement by x-ray and electrocardio- 
gram, and (ce) signs and symptoms of right sided 
heart failure. It was not possible to rule out the 
additional diagnosis of arteriosclerotic heart disease 
in the older subjects. 

The clinical status of the three groups of cardiac 
patients (groups II, [IV and V) was approximately 
the same at the time of the studies. : 


METHODS 


Each subject was studied on two successive days. 
On the first morning renal clearance determinations 
were performed using para-aminohippurate and 
inulin.’®;"! At least three urine collection periods 
were carried out on each patient and the average 
results were used. 

Following the renal function test, total blood 
volume and circulating plasma volume were esti- 
mated using P* for the former! and T 1824 for the 
latter. The dye dilution curve was obtained by 
multiple sampling and the plasma dye concentration 
was determined by the use of a chromatographic 
column." 


TaRLe 1.—Physical Characteristics of 32 Patients 


Listed by Diagnosis 


Age Sex BSA 
Normal Subjects 


28 M 
25 M 
42 M 
24 M 
24 M 
39 M 
25 M 
28 M 
36 M 
33 M 


NOR Re Re RR RR eR Oe 


*‘Control Cardiacs”’ 
43 1.76 

43 1.40 
75 I 1.82 
54 ] 1.84 
5 2.00 
1.92 


Chronic Lung Disease 


50 M 1.63 | 55.3 65.0 
C. W. 52 M 1.50 3.1 | 57.5 
H. EB. 69 M 1.60 | 52.7 | 47.5 
D. J. 35 M 1.61 | 50.0 | 63.0 
KG. 42 M 1.56 | 47.3 | 46.5 


Pulmonale”’ with Failure—with Polycythemia 


J. M. 72 M 1.68 | 59. 
M. G. 60 M 1.74 | 67. 
J. H. 66 M 2.16 | 95. 
A. C. 69 M 1.94 | 78. 
W. 0: 59 M 1.64 | 54. 
D...D. 57 M 2.08 | 90. 


68 .£ 
66. 
66. 
68. 
61. 
63. 


onus 


_ 


” 


"Cor Pulmonale”’ with Failure—without Polycythemia 


28. KS: 56 } .68 | 59.2 | 59.0 
29. RC. M .72 | 61.5 | 46.0 
30. W.P. 56 M .56 | 51.8 | 49.5 
31. J. M. 48 M .58 | 50.9 | 51.0 
32. W.S. 50 M .64 | 55.4 | 39.5 


BSA = body surface area. 
Ht = volume of packed red cells in per cent 
hematocrit reading. 


On the following morning, the patient returned 
in the fasting state for cardiac catheterization. Air 
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TABLE 2.—Cardiorespiratory Function, Plasma Volume, and Renal Clearance Data in 32 Cases Listed by Diagnosi 


l l — 
No. | State Vent. | O2Ext. | O2Cons.| Art. O2 Sat. | A-V cl | PAP PV GFR RPF FF 


Normals 


133 21.8 96. 
208 22. 98 . 3 
163 21.6 95.6 


166 3. 96.8 
234 8.é 99. 
147 . 96.2 


154 8. 95. 2650 95 
216 a 94. 


132 . 89. 
224 8. 89. 
159 6 89.3 


159 
241 
182 


103 
200 
141 


2900 


or vo 


bo 


133 
291 
189 


3. 
5. 
4. 


169 
302 
203 


3625 


or or 


or 


.70 : 18 


¢ 4.14 3.¢ 16 
243 ; 94. 4.95 : 18 
169 94. 4.41 3.9 18 
Abbreviations 
R = Rest A-V = Arteriovenous oxygen difference vol % 
Ex = Exercise CI = Cardiac output L./min./M.? 
Vent* Ventilation L./min./M2 PAP = Pulmonary artery pressure mm. Hg 
O.Ext = Oxygen extraction ml./L. ventilation PV = Plasma volume ml. 
O.Cons* = Oxygen consumption ml./min./M.? GFR = Glomerular filtration rate 
Art. O2 = Arterial oxygen content vol. % RPF = Renal plasma flow 
Sat. = Arterial oxygen saturation % FF = Filtration fraction 
* Corrected to 0 degrees t, vapor pressure and 760 mm. Hg 
All subjects were sedated. 
It is recalled that at Salt Lake City (4500 feet) barometric pressures average 640 mm. Hg and pO: 135mm. Hg 
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TABLE 2—Continued 


i on satis ° 
| State Vent. Oz Ext. | O2 Cons.| Art. O2 Sat. 


“Control Cardiacs”’ 


87. 5.40 
it . 9.20 
84. 5.60 


92.8 5.60 
.20 
.80 


.60 
. .90 
1. “4 30 


16.8 8 .80 
Ke 96 . 2 -50 
18. : .20 


16. ‘ 30 
18. 2 40 
1% 37 9 .50 


14. : .60 
16.: é 50 
15. 97. 5.20 


16.% oe 0D 
16. 0 95 
16.2 88.1 5.76 


Chronic Lung Disease 





18.0 | 75.6 | 3.60 
18. 76.5 | 4.60 
18. 75.6 | 3.60 


12.8 | 56.9 | 2.40 
12. 56.9 | 3.30 
15. 68.4 | 4.30 
15.4 | 82.8 | 4.80 
13.5 | | 5.10 
ae | | 4.30 


6.90 
6.90 


10 
.20 
-60 


.36 
.06 
20 
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TABLE 2—Concludcd 


Os Cons. Art. Oz Sat. A-V cI PAP 
“Cor Pulmonale” with Failure—with Polycythemia 


145 18.7 67. 5.20 oA 39 
200 18. 65.6 .60 4.: 50 
128 20. 72.8 3.90 Dee 39 
137 13. 64. 2.40 D.7: 49 
196 12.é 58. .0 3. 

138 14.6 8 . 3 2.30 . 51 


140 ‘ 1 ot 46 
202 


227 8.6 * D. 3.8 49 


112 
161 
117 


91 a ; 4. 8s ‘ 2500 


11.6 
14.6 
13.6 od 2. 3.38 49 


16.§ 67 .6 9.23 2.70 44 
16.: 68. .88 2.73 
17.3 “1.3 .30 3.67 49 


Pulmonale”’ with F —without Polycythemia 


135 10. 53. 3.10 40 
164 9. 45.9 ‘ 3.60 
119 y 57.6 2.8 4.20 


152 2. : . 2.60 : 2950 
193 9.4 .e 3. 5.20 
110 2. 4.2 4. 2.80 


140 8. ol .2 oe 3.30 3000 
192 9.- : : 
131 iy s D. 2.40 


104 12.3 8.2 ; 2.53 3000 
186 ‘ : : 
120 


147 b.€ 47.8 3.8% 3.8 3000 
232 ) . 


159 


136 
193 
128 
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samples were analyzed by means of a Haldane- 
Henderson-Bailey apparatus or a Pauling oxygen 
analyzer (Model E). Blood gases were determined by 
the method of Neill and Van Slyke. In vitro satura- 
tion was obtained by a tonometer method and 
checked against colorimetric hemoglobin determina- 
tions based on standards using crystallized hemin. 
The slight inaccuracy of the tonometer procedure is 
recognized. 

Cardiac output was determined at rest, im- 
mediately following mild exercise (weight lifting), 
and 10 minutes after cessation of exercise. Pulmo- 
nary artery pressures were measured directly by 
means of a Statham Strain Gage or a Sanborn 
Electromanometer. Mean pressure, when not ob- 
tained by integration, was caleulated by adding 
one-third of the pulse pressure to the diastolic 
pressure.!® 

Right or left heart work was calculated by the 
formula of Dexter and co-workers,!® pulmonary and 
total peripheral resistance by the formula of 
Cournand, Riley and others." 

“Oxygen extraction” was calculated as milliliters 
oxygen consumed per liter of air ventilated.!*: 


RESULTS 


Pulmonary Ventilation, “Oxygen Extraction,” 
Oxygen Consumption 


All the patients with chronic lung disease 
showed somewhat higher values for pulmonary 
ventilation than the subjects composing the 
normal or the ‘cardiac control” group, but 
they were not able to increase their ventilation 
as well with exercise. In the group with chronic 
lung disease, cor pulmonale and polycythemia 
(group IV), the ventilation volume failed to 
return to the resting level 10 minutes after 
mild exertion. Irrespective of the presence of 
congestive failure and of polycythemia, all pa- 
tients with chronic lung disease lacked the 
ability to increase their oxygen consumption 
on exercise in the normal manner (table 2). 

“Oxygen extraction” (milliliters oxygen con- 
sumed per liter ventilated) was relatively nor- 
mal at rest in all five groups. All the patients 
with heart disease, as well as those with chronic 
lung disease, failed to increase their oxygen 
extraction even on mild exertion (table 2). 
This is considered a sign of pulmonary in- 
efficiency and it is of interest in this respect 
that oxygen extraction and its response to 
exercise was normal in four subjects with 
polycythemia vera. 


Arterial Oxygen Saturation and Arteriovenous 

Difference 

The arterial oxygen saturation and the 
calculated oxygen tension in the patients with 
cor pulmonale and in those with chronic lung 
disease alone was significantly lower than in 
those making up the normal or “cardiac con- 
trol” groups (table 2). The arteriovenous 
difference was high in the “cardiac control”’ 
group and in patients with cor pulmonale and 
secondary polycythemia. The arteriovenous 
difference in the normal subjects, in patients 
with chronic lung disease, and in those forming 
the group with cor pulmonale without poly- 
cythemia was strikingly similar at rest and on 
exercise. In the ‘cardiac control” group and 
in the patients with heart disease and poly- 
cythemia, the per cent increase in arteriovenous 
difference on exertion was significantly greater 
than in the other groups. In the few cases of 
“cor pulmonale” without polycythemia there 
was observed an unusually low arterial oxygen 
content, which appeared to be out of propor- 
tion to the difference in the volume of packed 
red cells. The severe oxygen deficiency appar- 
ently characteristic of the group was also 
observed in subjects who were studied both at 
high and low levels of volume of packed red 
ce s. 
Cardiac Output 

The average resting cardiac index fell within 
the normal range in all groups except the 
“control cardiacs.’”’ Higher than normal out- 
puts were encountered in only two instances, 
one with and one without polycythemia (cases 
18 and 23, table 2). Following mild exercise, 
-ardiac output increased approximately 60 per 
cent in the normal group. Less than normal 
responses to exercise were characteristic for all 
other groups. This was particularly striking in 
the subjects with cor pulmonale and_ poly- 
cythemia. Three of the six patients of this 
group responded with a fall in output on 
exercise. The group with polycythemia was 
further characterized by a late rise in output 
in the postexercise period, which occurred in 
five of the six patients (fig. 1). It appears from 
this group of patients that the cardiac response 
to exercise is particularly impaired when poly- 
cythemia is present. 
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Pressures 


Arterial pressures were normal in all patients 
of this series. The pulmonary artery pressure 
was elevated in all but the normal group; pa- 
tients with evidence of congestive failure 
tended to have higher pressures than those with 
chronic lung disease alone. On exercise, the 
pulmonary artery pressures rose in all abnor- 
mal groups. The detailed relationship between 
arterial unsaturation, pulmonary disease, con- 
gestive failure, pulmonary artery and “pulmo- 


CARDIAC INDEX 
@—@ NORMAL 
O—0 CARDIAC CONTROL 
O---O CHRON. LUNG DIS. 
@--@ COR. PULM. t P 
G---8 COR. PULM. ¥ P 


N 
= 
SS 
= 
= 
x 
- 
> 
a 
- 
> 
°o 
Co 
< 
a 
« 
=< 
Oo 


- REST EXERCISE REST 


Fic. 1. Cardiac Index. Low output in ‘‘compen- 
sated’”’ cardiac control group, ‘high output”’ in all 
other groups examined. Lack of response to exercise 
with postexercise rise in subjects with cor pulmonale 
and polycythemia but not in nonpolyeythemic cor 
pulmonale. 


nary capillary” pressures will be the subject of 
a separate report”! (fig. 2). 


Pulmonary Resistance 


The calculated “pulmonary resistance’? was 


increased in subjects with chronic lung disease. 
This calculated value was still higher in the 
groups with lung disease that had been in con- 
gestive failure, either because of a lower cardiac 
output or because of further increase of pulmo- 
nary artery pressure. The group with cor 
pulmonale and polycythemia who had failed 
to respond with an increased cardiac output 
following exercise therefore demonstrated a 
sharp increase in pulmonary resistance on 
effort (table 3). 


Heart Work 


“Right heart work” expressed in kilogram- 
meters per minute per square meter of surface 
area'® was significantly increased in all groups 
when compared with normal volunteers. The 
“cardiac control” group and the subjects with 
chronic lung disease who had not been in 
failure demonstrated a normal response to 
exercise and differed from the normals only in 
that the work load was somewhat increased, 
presumably on the basis of increased pulmo- 
nary resistance. In cor pulmonale with poly- 
cythemia, the work load continued to rise 


@ 
°o 
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N 
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@--@ NORMAL 

O—0O CARDIAC CONTROL 
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G -G COR. PULM. TP 
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wo > uo a 
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n 
° 


MEAN PULMONARY PRESSURE 
S 


REST EXERCISE REST 
Fie. 2. Pulmonary Artery Pressure. Highest 
pulmonary artery pressures in the group with lowest 
oxygen content: the subjects with cor pulmonale who 
are not polycythemic. 


following exercise, which is a reflection of the 
peculiar behavior of the cardiac output in this 
group. When polycythemia was artificially 
corrected, the work load on the right heart 
nevertheless was high and increased remarkably 
on exertion. This appears to be the result of 
generally higher pulmonary resistance in this 
group (fig. 3). Left heart work, as illustrated 
in figure 3b, reflects the changes in cardiac 
output discussed above. 

By using these work load figures in the 
formula 


Left Heart Work 
Right Heart Work 


a value is obtained which represents the ratio 
of the work performed by each side of the 
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heart. In normal subjects, this figure is 5.5 of patients with chronic lung disease who had 
at rest, indicating that the external work per- not been in congestive heart failure, and in 
formance of the left ventricle is over five times subjects with polycythemia vera (not here re- 
as great as that of the right. With exercise, ported) the clearance figures were essentially 
this figure falls, which indicates that the right normal. The filtration fractions of the patients 
heart work load is increased in greater propor- with heart disease were moderately elevated 
tion than the left. In the “cardiac control’ (fig. 4). Figure 4 emphasizes the essential simi- 


TaBLE 3.—Total Pulmonary Resistance (dynes/sec./em.5) 


Groups Rest Exercise % Change Rest % Change 


Normal 189 148 —24 147 0 
(148-255) | (135-158) (143-150) 
“Control cardiacs”’ 701 770 645 —16 
(481-1165) (403-1190) (420-945) 
Chronic lung disease 473 494 463 —6 
(234-624 ) (353-726 ) (306-706 ) 
“Cor pulmonale”’ with failure with 811 1001 . 658 —34 
polycythemia (393-1332) (548-1781 ) (392-1302) 
“Cor pulmonale” with failure with- 882 842 854 +1 
out polycythemia (563-1378) (542-1383 ) (571-1200) 


LEFT HEART WORK LEFT HEART WORK 
RIGHT HEART _y RIGHT HEART WORK O—0 CARDIAG CONTROL 
O-—-O CHRON. LUNG DIS. 
@--@ COR. PULM EP 
G@—-a COR. PULM. ES P 


x 
° 


T 


8 


e 
° 
a 


> 
So 
> 
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o 
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nn 





RIGHT HEART WORK Kg m/min sm? 


@—@ NORMAL 
O—0O CARDIAC CONTROL 
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O-O CHRON LUNG os 4 @--@ COR. PULM EP 


*>--@ COR PULM E @-o COR. PULM. EP 
@-@ COR PUL EP 


a 
REST EXERCISE REST EXERCISE REST EXERCISE 


a b c 


Fia. 3a, b,c. Calculated External Work Performance of the Heart (viscosity not considered). See text. 


group and in subjects with chronic lung disease, larity of the renal changes in all groups with 
this figure was lower than in the normals (3.03 heart disease. 
and 3.23 respectively). In the patients with ” : 
cor pulmonale, the figure was still further re- Circulating Blood Volume 
duced, approaching unity and expressing a Table 4 gives the average values for the so- 
further increase in the external work load of -alled total circulating plasma volume. Plasma 
the right heart compared with the left (fig. 3c). volumes were high in the ‘‘control cardiacs’’ 
and in the subjects that had been bled. They 
were lower, on the average, in the patients with 
There was a significant reduction in the renal significant polycythemia. The calculated total 
plasma flow and in glomerular filtration rate blood volume appeared to be high in all groups 
in the patients who had heart disease, irre- other than the normals. As expected, the figures 
spective of etiology, level of cardiac output, or for total blood volume using radioactive phos- 
polycythemia. On the other hand, in the group phorus were lower by about 15 per cent than 


Renal Clearances 
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the estimated values based on the plasma 
volume and the hematocrit reading. No con- 
sistent difference between the two methods was 
found and therefore no correction factor could 
be applied to obtain equal results for the two 
methods. 


Correlations 


1. When the values for cardiac output are 
divided by the estimated total circulating blood 
volume, it can be shown that in normal sub- 
jects, the per cent of the blood volume pumped 
by the heart per minute is slightly over 100. 


RELATIONSHIP OF CARDIAC INDEX 
TO RENAL PLASMA FLOW 
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Fic. 4. Renal Plasma Flow (para-aminohippurate 
clearance) in Cor Pulmonale. Irrespective of resting 
eardiae output renal plasma flow is reduced and 
indistinguishable from that in other types of heart 
failure. 


If any value can be attached to the determina- 
tions of circulating blood volume, this indicates 
that a volume equal to the estimated volume of 
blood passes through the heart once per minute. 
In this series, the per cent of total blood volume 
circulated per minute was 108, 114 and 90 in 
the normal volunteers, the chronic lung disease 
group and in patients with cor pulmonale with- 
out polycythemia, respectively. It was sig- 
nificantly reduced in the “control cardiacs”’ 
and in the subjects with cor pulmonale and 
polycythemia (61 and 60 respectively) (table 4). 

2. When renal plasma flow is compared with 
the cardiac index, it is seen that, in general, 
the renal clearance values were low in subjects 


with cor pulmonale irrespective of cardiac out- 
put or the presence or absence of polycythemia. 
In figure 4, the range of cardiac output and of 
renal plasma flow is plotted for the normal sub- 
jects and for the cardiac control group. Sub- 
jects with chronic lung disease or cor pulmonale 
are represented by individual points. It is seen 
that in only 3 of the 11 patients with cor pulmo- 
nale was the cardiac output slightly lowered; 
yet in all, the renal values were in the cardiac 
failure range. 

3. Renal function may be expressed in terms 
of per cent of the circulating plasma volume 
flowing through the kidney per minute. In the 
subjects without heart disease, 23 per cent of 
the circulating plasma flowed through the kid- 
ney per minute. In this series, all subjects with 
heart disease demonstrated a sharp reduction 
in the volume flow, averaging 10 per cent ir- 
respective of etiology or the presence of poly- 
cythemia. 


Characteristics of the Groups 


The four abnormal groups differed in several 
aspects from the group of normal volunteers. 
It is recognized (a) the small number of sub- 
jects examined precludes definitive statements 
and (b) that the volunteers cannot be con- 
sidered a ‘‘true” control series, as the physical 
characteristics and the ages were not identical 
with those of the abnormal groups. The separa- 
tion of the patients examined in this series into 
four different groups was made on clinical 
grounds, and it is likely that some overlapping 
occurred. Naturally the factors in patients with 
chronic lung disease leading to the development 
of polycythemia, and to the eventual onset of 
congestive failure, must be present for some 
time before these overt manifestations become 
evident. 

The group designated as ‘‘cardiac controls” 
demonstrated a decreased cardiac output, 
mainly on the basis of an increased arterio- 
venous oxygen difference: ** The calculated 
external work performance of the left ventricle 
was somewhat decreased, while that of the 
right ventricle increased as pulmonary artery 
pressure rose. The glomerular filtration rate 
and renal plasma flow were decreased and the 
filtration fraction was high. The circulating 
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plasma volume was increased but the per cent 
of plasma flowing through the kidney was less 
than one-half the normal value. This group of 
patients who, with one exception, were not in 
failure at the time of the studies demonstrated 
all the findings of the low output group. These 
observations are in accord with those of Merrill 
and others.?: 23: 74 

Subjects with chronic lung disease but with- 
out heart failure were characterized by mod- 
erate arterial unsaturation and a slightly in- 
creased ventilation rate. Cardiac output was 
normal and renal function was within the low 
normal range. The right heart work was in- 
creased in proportion to an observed increase 
in pulmonary artery pressure. It is likely that 
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ventricle and increased right heart work, the 
latter caused by elevated pulmonary artery 
pressure. Renal function was depressed to a 
degree comparable to that observed in the 
“cardiac control” group. On the other hand, 
this group differed from the ordinary types of 
heart disease by the presence of marked 
arterial unsaturation and relatively normal 
resting cardiac output which, however, failed 
to increase with exercise. ‘“Secondary”’ poly- 
cythemia was prominent in this group. 

In the group of subjects in whom the poly- 
cythemia had been corrected, arterial unsatura- 
tion was usually more striking and pulmonary 
artery pressures in three subjects were higher 
than in the previous group. As the cardiac 


TaBLE 4.—Blood Volume Data in cc./Kq. 


Plasma Vol. 


Groups (T 1824) 


Normal 42 
(32.1-51.1) 
51 

.9-64.8) 
47 
5-58.5) 
39 
(26.8-49.6) 
56 
(46 .5-64.2) 


“Control cardiacs’’ 


Chronic lung disease 
(36. 


’ 


“Cor pulmonale”’ with polyeyth. 


“Cor pulmonale”’ without polyecyth. 


Tot. Bl. Vol. (T 
1824 + Ht.) 


(58-107 ) 
(80-114) 
(90-132) 
(77-158 ) 


(90-120) 


RPF* 
PV 


Tot. Bl. Vol. 


(P32) 


CO ft 
TBV 
81 71 23 
(64-81 ) (18-25) 
82 9 
(67-117) (4-14) 
87 21 
(76-108 ) (16-33) 
87 10 
(63-113) (8-13) 
88 9 
(83-90) (7-11) 


108 
(82-156) 
61 

(32-89 ) 
114 
(77-172) 
60 
(41-105) 
90 
(60-126) 


96 


105 


114 


111 


* Relation of renal plasma flow to plasma volume, expressed in per cent of circulating plasma (see text). 
t+ Per cent of circulating total blood volume passing through the heart per minute (see text). CO = cardiac 
output. 


this had resulted in right ventricular hyper- 
trophy which in fact was demonstrated electro- 
cardiographically in two subjects of this group. 
Since overt congestive failure must be con- 
sidered only a late manifestation of an insuf- 
ficiently functioning heart the transition from 
chronic lung disease to chronic lung disease 
with “cor pulmonale” is gradual and the 
presence or absence of right ventricular hyper- 
trophy alone cannot be considered adequate 
for the diagnosis of cor pulmonale. 

In the subjects with chronic lung disease 
who had been in heart failure and in whom the 
diagnosis of cor pulmonale was never in doubt, 
many features of the ‘cardiac control” group 
were encountered, namely, increased arterio- 
venous differences, particularly on exercise, 
decreased external work performed by the left 


output, on the whole, increased, the right 
heart work load rose excessively (fig. 3a). 
Renal clearance values were similar to those 
found in the other heart failure groups. In 
spite of a reduction in red cell mass, a cor- 
responding increase in circulating plasma 
volume presumably caused the total calculated 
circulating blood volume to remain unchanged. 
The differences between these two cor pulmo- 
nale groups are of considerable interest, since 
the severity of the lung disease did not appear 
to differ. 


DIscussION 
It seems apparent from the results presented 
that in our groups with chronic lung diseaSe 
cardiac output was adequate though renal 
clearance was impaired once congestive failure 
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had occurred. The kidney appears to be a more 
sensitive indicator of cardiac efficiency than 
does cardiac output alone, at least when studied 
at rest and during moderate exercise. On the 
other hand, not reflected in relatively gross 
measurements of renal function are the obvious 
differences in vascular adjustments apparent 
when a “low output failure group” is compared 
with cases of ‘‘cor pulmonale” or at least with 
a group in whom impairment in pulmonary 
circulation is a predominant factor. 

The finding of reduced renal plasma flow in 
cor pulmonale with essentially normal cardiac 
output and no obvious increase in the meta- 
bolic needs of these patients has been reported 
before.”:§» * Merrill®* related the lowered renal 
plasma flow to cardiac output and has postu- 
lated that a decreased cardiac output serves as 
a stimulus for a decrease in renal blood flow. 
In our series of patients with heart failure 
secondary to lung disease, the resting outputs 
were normal, but it is admitted that in several 
subjects with polycythemia the output rose 
inadequately on minor exercise. It may be 
argued that, in those patients, the average 
output during daily activities is still below nor- 
mal and is inadequate to meet body needs. On 
the other hand, renal function was equally dis- 
turbed in those patients in whom polycythemia 
had been corrected by bleeding, and who 
demonstrated an essentially normal cardiac 
output and exercise response. It is possible 
therefore, that in cor pulmonale the level of 
cardiac output is not the sole factor controlling 
renal blood flow. 

The primary difference between patients 
with heart failure on the basis of predominant 
cor pulmonale and subjects with congestive 
failure of the “low output” type is of course 
the presence of low arterial oxygen content 
with a low partial pressure of oxygen in the 
arterial blood. If cardiac output is correlated 
with arterial oxygen content, a figure can be 
obtained which expresses in milliliters the 
oxygen transported per minute. (Oxygen trans- 
port per minute per square meter of body 
surface equals arterial oxygen in volumes per 
100 ml. X 10 X cardiac index.) This prod- 
uct should be the same whether cardiac 
output is low and arterial oxygen is normal 


(“low output” group), or cardiac output is 
normal and arterial oxygen is low (cor pulmo- 
nale). Therefore, oxygen transport figures 
(oxygen delivered) should be similar in all 
types of congestive failure where the metabolic 
needs of the body have not been increased. In 
the normal volunteers and in the subjects with 
chronic lung disease, but without heart disease, 
“oxygen transport” was calculated as being 
597 and 574 ml. per minute per square meter 
of body surface, respectively, as compared with 
329, 420 and 326 in the three groups in which 
heart failure had occurred. The oxygen supply 
to the tissues is dependent on the partial pres- 
sure of oxygen prevailing at the exchange site 
and the amount offered per unit of time. This 
in turn depends on the flow of blood to the tis- 
sues as governed by the vascular lumen and the 
amount of oxygen carried by the blood, the 
oxygen transport. It is tempting to speculate 
that ‘“‘oxygen transport” rather than cardiac 
output per se or arterial saturation per se 
which is known not to influence renal clear- 
ances, at least during short periods of anoxia,*° 
may serve as a factor in controlling renal plasma 
flow in congestive failure of various kinds. 

The low values of arterial oxygen content, 
here associated with lowered oxygen tension, 
correlate with high pulmonary artery pres- 
sures. This inverse relationship has been ob- 
served by several groups and was noted in 
subjects during breathing of 100 per cent 
oxygen, whether they were polycythemic or 
not or whether they were suffering from lung 
disease or not.?' In subjects who had been bled 
(group V) the arterial saturation was un- 
changed or tended to be at lower levels than 
in the group that was examined while poly- 
cythemic. If arterial saturation is lower, 
pulmonary artery pressure will be higher and 
the load on the right ventricle greater (fig. 3a), 
and this in the face of an obviously decreased 
oxygen supply to the heart. 

These preliminary observations on patients 
with chronic lung disease, heart failure and 
polycythemia throw doubt on the wisdom of 
phlebotomizing moderately polycythemic sub- 
jects in whom the factor of viscosity is not of 
primary importance. It is also possible that 
this group reflects the status of patients with 
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chronic lung disease immediately prior to the 
development of polycythemia and of heart 
failure. From our figures, it would appear that, 
in chronic lung disease, an arterial saturation of 
about 70 per cent (85 mm. Hg pO.) would 
eventually lead to the development of sec- 
ondary polycythemia. It is of interest that this 
represents the approximate level of unsatura- 
tion above which polycythemia disappears in 
patients subjected to surgical correction for 
cyanotic congenital heart disease. If the 
critical value for the development of poly- 
cythemia is assumed to lie at 70 per cent, sub- 
ject number 18 of table 2 with an arterial 
unsaturation of 57 per cent and a fall in cardiac 
output on exercise, would represent the final 
stage before the development of polycythemia. 
Subject 17, who was polycythemic, would 
represent a patient that had responded to his 
low arterial oxygen tension but had not yet 
gone into heart failure. As we have pointed 
out, this patient developed congestive failure 
within four weeks following these observations. 

Blood flow through an area is dependent on 
cardiac output (‘‘perfusion pressure’), the 
caliber of the vascular bed (‘‘hindrance”’) and 
the specific physical properties of the blood 
which determine its behavior during pulsatile 
flow (“viscosity”). The estimation of ‘“re- 
sistance” and “work” now frequently used in 
conjunction with direct determination of 
vascular pressures and blood flow in human 
subjects must take into account resistance 
offered by the shearing forces existing between 
blood and blood vessels, commonly expressed 
as “viscosity,” or its reciprocal “fluidity.” 
These in turn depend on the size of the vessel, 
the behavior of the suspension of cells in 
plasma at determined flow rates, the rate of 
flow itself, and the character of the flow— 
whether streamlined or turbulent. 

The hemodynamic properties of the blood in 
the major part of the circulation are those 
characteristic of ‘“‘pseudoplastic” fluids which 
flow even when the smallest pressure is applied 
and increase their flow rates disproportionally 
faster as the propelling force increases.* At 
least in larger vessels blood will flow at ex- 
tremely low cardiac output and as the output 
rises its flow will increase to a far greater degree 


than if water or plasma were the sole circulating 
substances. 

It is characteristic for pseudoplastic fluids to 
exhibit high viscosity at slow rates of flow and 
low viscosity at rapid flow so that it may be 
argued that the influence of viscosity will be 
greater in subjects in heart failure with low 
outputs and delayed circulation times than in 
those with high cardiac outputs and rapid 
circulation. Increase in resistance, such as ob- 
served in the pulmonary vascular bed in anoxic 
states, increases relative viscosity of blood con- 
siderably .* 

Changes in cardiac output and changes in 
pulmonary vascular ‘‘tone’’ occasioned by dif- 
ferent degrees of arterial oxygen saturation at 
rest and at exercise and at various volumes of 
red cells will independently influence blood 
viscosity and this in turn will alter total 
pulmonary resistance and right ventricular 
work load and work performance in an as yet 
unpredictable manner. 

It is agreed that an increased cell concentra- 
tion raises the ‘‘apparent”’ viscosity of the 
blood when measured by comparing rates of 
blood flow with that of water or saline in rigid 
glass tubes** or in isolated vascular regions.*® 
Recent observations seem to indicate that the 
changes are almost linear at physiologic per- 
fusion pressures.** These observations, how- 
ever, afford no means by which the influence 
of polyeythemic blood on cardiac load in vivo 
can be estimated. However, it may be argued 
that the actual differences in workloads be- 
tween subjects with and without polycythemia 
may be less than presented here, although from 
available evidence**: * the influence of viscosity 
may not be large enough to invalidate the 
statements made. 


SUMMARY 


1. In 32 subjects observations were made on 
cardiac output, vascular pressures, plasma and 
total blood volume, and renal clearance. For 
the purpose of further analysis, the subjects 
were separated into five clinical groups: (1) 
normal volunteers, (2) ‘‘cardiae controls,” (3) 
patients with chronic lung disease not in heart 
failure, (4) patients with chronic lung disease 
and polycythemia who had been in congestive 
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failure in the past (cor pulmonale), and (5) 
patients with chronic lung disease and cor 
pulmonale in whom secondary polycythemia 
was absent at the time of the study. 

2. In the subjects with heart failure second- 
ary to chronic lung disease cardiac output at 
rest fell within the normal range but renal 
function was impaired and the filtration frac- 
tion was elevated. 

3. The patients with cor pulmonale and 
polycythemia lacked the ability to increase 
cardiac output adequately on exercise. This ap- 
peared partially corrected in the nonpoly- 
cythemia group, almost all of whom had been 
bled. Renal clearance remained unchanged, 
however, and the pulmonary artery pressure 
of three nonpolycythemic subjects with cor 
pulmonale was excessively high. 

4. In the group with cor pulmonale where 
polycythemia had been corrected, arterial un- 
saturation was more severe and pulmonary 
artery pressure higher than in polycythemic 
subjects. Since the cardiac output rose, this 
indicated that the calculated external work 
performance of the right ventricle was sharply 
increased. 

5. It is postulated that this stage of severe 
arterial unsaturation with low oxygen tension 
of arterial, mixed venous and bone marrow 
blood and with an excessive load on the right 
ventricle represents a state of chronic lung 
disease which leads to the development of (a) 
polycythemia and (b) right ventricular failure. 
Polycythemia and heart failure show a positive 
correlation but one is not necessarily dependent 
on the other and either one or both may de- 
velop as the result of severe chronic pulmonary 
vascular disease. 

6. Alterations in cardiac output alone do not 
necessarily represent the only means by which 
renal function is decreased in heart failure. In 
subjects with cor pulmonale, oxygen delivered, 
expressed as the product of arterial saturation 
and cardiac output (“oxygen transport’’), may 
be another determining factor. 

7. Removal of blood in patients with 
“secondary” polycythemia and chronic lung 
disease may increase cardiac output but it 
would seem to further impair certain cardio- 
vascular adjustments and occasionally results 
in severe oxygen deficiency. 


8. The possible influence of certain rheo- 
logical properties of the blood (viscosity) on 
peripheral and pulmonary ‘resistance’? and on 
‘ardiac “‘work load” is discussed. 
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The Cardiac Output in Chronic Cor Pulmonale 


By Nose O. Fow.er, M.D.,* Ricnarp N. Westcort, M.D., Raupu C. Scorr, M.D., AND 
Eminy Hess, M.D. 


A comparative study was made of the resting cardiac index in 12 cases of chronic cor pulmonale, 
in 14 normal subjects, and in 10 patients suffering from heart failure due to vascular or valvular 
disease. The mean cardiac index in the subjects with chronic cor pulmonale was significantly 
higher than in the group with other types of heart disease and was significantly lower than in the 
normal individuals. An explanation for the failure to observe elevation of cardiac output in some of 


these cases of chronic cor pulmonale is offered. 


INCE the publication of McMichael and 
Sharpey-Schafer,! cor pulmonale has 
been generally grouped with thyrotoxi- 

cosis, beriberi, systemic arteriovenous fistula, 
anemia and Paget’s disease of the bone as a 
type of heart disease associated with a high 
cardiac output. During the past two years we 
have had the opportunity to study the hemo- 
dynamics of 15 cases of chronic cor pulmonale, 
and five other cases of chronic lung disease. 
Since we were impressed by the infrequency of 
high cardiac output in these 20 subjects, it was 
believed that a report of their findings would be 
of interest. 


MATERIAL 


The patients studied were from the medical wards 
of the Cincinnati General Hospital and from the 
Veterans Administration Hospital, Dayton, Ohio. 
The diagnosis of chronic cor pulmonale was made on 
the basis of a history of chronic lung disease, x-ray 
evidence of chronic lung disease (usually emphy- 
sema), and the presence of either x-ray or electro- 
cardiographie evidence of right ventricular hyper- 
trophy in the absence of valvular or congenital heart 
disease (table 1). Eight of the 15 subjects with 
chronic cor pulmonale had evidence of retention of 
carbon dioxide in the blood; all save one had resting 
arterial oxygen saturations below 92 per cent of 
capacity. Eleven of the 15 having cor pulmonale had 
congestive heart failure; in two the failure was 
irreversible. For comparative purposes, 25 patients 
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having normal hearts and 13 patients having heart 
failure or a history of heart failure associated with 
valvular disease or vascular disease were studied. 


MeEtTHOD 


Patients were studied in the fasting state, un- 
sedated or having received 0.1 Gm. of Seconal. 
Cardiac venous catheterization was done as de- 
scribed by Cournand and Ranges.? Cardiac outputs 
were determined by the direct Fick principle. Dur- 
ing the collection of expired air, mixed venous 
samples were obtained over a 45 second period from 
the proximal portion of the pulmonary artery or 
from the right ventricle simultaneously with blood 
samples from a peripheral artery. Blood was col- 
lected under oil and stored in ice water over mercury. 
Duplicate samples were analyzed in the Van Slyke 
manometric apparatus and were required to check 
within 0.2 volumes per cent. Two minute samples of 
expired air were collected in Douglas bags, measured 
in a Tissot spirometer and analyzed in the Haldane 
apparatus. Duplicate samples were required to check 
within 0.03 per cent. Pulmonary “capillary” pres- 
sures were measured according to the method of 
Hellems and co-workers.* Pressures were recorded by 
means of a five channel optical oscillograph (Hatha- 
way). 


RESULTS 


These are summarized in tables 1 and 2. 
Cardiac output values were considered accept- 
able only if the oxygen consumption fell within 
the range given by Dexter,’ allowing an oc- 
casional decrease up to 8 per cent because of 
the age of the patient or the effect of sedation. 
Using this criterion, satisfactory outputs were 
obtained in 12 of 15 cases of chronic cor pul- 
monale, in 14 of 25 normals, and in 10 of 13 
‘ases with other types of heart failure (table 1). 
In the normal group, the mean cardiac index 
was 3.3 liters per minute, with a range from 2.5 
to 4.2. In the group with chronic cor pulmonale, 
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he mean cardiac index was 2.7 liters per 
ninute, with a range between 1.7 and 3.8. The 
lifference was significant at the p <0.02 level 
table 2). The mean cardiac index in 10 cases 
vith other types of heart disease was 1.8 liters 
er minute, with a range from 1.2 to 2.9. The 
‘ardiac output in this group was significantly 
ower than in the normal group (p <0.001) and 
than in the group with chronic cor pulmonale 
(p <0.01) (table 2). If the index of only the 
group of nine patients having cor pulmonale 
with failure is compared with that of the group 
of 10 with “low output failure” the difference is 
less striking but is significant at the p <0.02 
level (table 2), the group with cor pulmonale 
and failure having a mean cardiac index of 2.6 
liters. A comparison of arteriovenous oxygen 
differences (table 2) reveals significant differ- 
ences between the group with heart failure due 
to hypertension or valvular disease and the 
normal group, p <0.001, on the one hand and 
the group with chronic cor pulmonale on the 
other (p <0.01). The arteriovenous oxygen 
differences were not significantly different in 
the group with chronic cor pulmonale and in 
the normal group. 

A significant association between the cardiac 
index and the resting arterial oxygen saturation 
was found in the 12 patients with chronic cor 
pulmonale (b = 0.359; p = < 0.01) (table 2). 

The pulmonary artery pressure was recorded 
in 11 of the 12 patients having chronic cor 
pulmonale; in the other one right ventricular 
pressure was recorded. There was evidence of 
hypertension in the lesser circuit (the mean 
pulmonary artery pressure was above 17 mm. 
Hg, or right ventricular systolic pressure above 
30 mm. Hg) in all cases. Satisfactory record of 
the pulmonary “capillary” pressure was ob- 
served in 5 of the 12 cor pulmonale patients and 
in five others having chronic lung disease. The 
pulmonary “capillary” pressure was normal, 
that is, below 12 mm. Hg, in all save one. In 
this subject, G. An. (table 1) there was gen- 
eralized irreversible heart failure. A significant 
negative regression was found of cardiac index 
on pulmonary artery mean pressure in 11 pa- 
tients (table 2) having chronic cor pulmonale, 
but was not marked enough to be significant. 
Right atrial mean pressure was measured in 


all 12 subjects. The pressure was elevated 
(above 5 mm. Hg) in seven, all of whom had 
congestive heart failure clinically. 

Five of the 15 subjects with cor pulmonale 
had evidence of polycythemia. All of these had 
congestive failure. 


DISCUSSION 


The finding of high cardiac output in cor 
pulmonale was described by McMichael,' by 
Richards’ and by Harvey and co-workers.® 
Harvey and co-workers postulated that the 
cardiac output is high in cor pulmonale due to 
pulmonary emphysema because of hypoxia, and 
that the cardiac output falls with the advent of 
congestive heart failure, still remaining above 
the normal until failure is irreversible. In their 
cases of cor pulmonale due to silicosis without 
marked hypoxia, the cardiac output was not 
elevated. However in diffusion fibrosis of the 
lung, they found elevation of the cardiac output 
even in the absence of hypoxia. This is un- 
explained, but may be due to the activity of the 
underlying disease. 

Dexter’ has found the cardiac output to be 
normal or low in a number of cases of cor pul- 
monale. He has found a significant negative 
correlation between cardiac index and pulmo- 
nary arteriolar resistance in cor pulmonale. 
Dexter’ found that the cardiac output in cor 
pulmonale was no longer elevated when pulmo- 
nary “arteriolar” resistance rose above approxi- 
mately four times normal. 

In our group of 12 patients with chronic cor 
pulmonale, all of whom had arterial hypoxia, 
none had outputs above our normal range; eight 
had normal outputs; four had outputs below 
the normal. Two patients with cor pulmonale 
and irreversible failure had cardiac indices be- 
low 2 liters per minute. 

We were unable to find evidence of negative 
association between cardiac index and arterial 
oxygen saturation; in fact a positive association 
was found, suggesting that the cardiac output 
becomes lower as the heart becomes damaged 
and the pulmonary artery pressure elevated by 
increasing hypoxia. The general finding of nor- 
mal pulmonary “capillary” pressure in chronic 
cor pulmonale and in chronic lung disease with 
pulmonary hypertension is of interest. This 
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892 CARDIAC OUTPUT IN CHRONIC COR PULMONALE 


has been observed by Dexter’ and by Blount.$ 
We have found this measurement occasionally 
helpful in excluding left ventricular failure. 
Pulmonary “arteriolar” resistance was elevated 
in 10 cases of chronic lung disease and chronic 
cor pulmonale where it was determined. Poly- 
cythemia was found in five subjects, all of 
whom had cor pulmonale with congestive fail- 
ure. This is consistent with the observations of 
Baldwin and co-workers.’ 


findings and those of Blount’ on the one hand, 
and those of Richards* and McMichael! on the 
other, is puzzling. In some cases, at least, ow 
failure to find elevation of the cardiac output in 
cor pulmonale can be explained on the basis of 
the nearly terminal condition of the patient 
Others can be explained on the basis of ex- 
tremely high pulmonary arteriolar resistance, as 
hypothesized by Dexter.’ Still others may have 
normal or low outputs associated with fibrosis 


TaBLeE 2.—Statistical Analysis of Hemodynamic Data in Normal Subjects, in Patients with Chronic Cor Pulmonale, 
and in Patients with Heart Failure due to Valvular or Vascular Disease 


Comparison 


. 14 normal subjects 
12 subjects having chronic cor pulmonale 


. 14 normal subjects 
10 subjects having heart failure due to valvular 
or vascular disease 


. 12 subjects having chronic cor pulmonale 
10 subjects having heart failure due to valvular 
or vascular disease 


. 9 subjects having chronic cor pulmonale with 
failure ee 
10 subjects having heart failure due to valvular 
or vascular disease 


Regression of cardiac index on arterial Op» sat- 
uration in 12 cases chronic cor pulmonale 


. Regression of cardiac index on mean pulmo- 
nary artery pressure 


Our findings are very similar to those of 
Blount.’ He, too, found elevation of the cardiac 
output in only an occasional case of cor pul- 
monale and very poor correlation between de- 
gree of hypoxia and cardiac output. Borden,'® 
in his study of emphysema, did not measure 
cardiac output but did find no decrease in the 
arteriovenous oxygen difference and concluded 
that the cardiac output was probably not con- 
sistently elevated in emphysema. 

It is not our contention that hypoxia plays no 
role in the genesis of chronic cor pulmonale, nor 
that the cardiac output is never elevated in this 
state, but that the cardiac output may be nor- 
mal or even low. The discrepancy between our 


Mean Cardiac Mean 
Index L./Min. 


t value A-V Qy 


Diff. 


p value t value 


<0.02 1.907 


<0.001 4.997 | <0.001 


<0.01 3.675 


<0.01 


<0.02 


.309 3. <0.01 


<0.01 


in the lung without marked hypoxia. Even 
when these three groups are excluded, one still 
finds a few patients (for example, J. B., G. A., 
table 1) whose hypoxia is associated with nor- 
mal cardiac output and no exceptional increase 
in pulmonary “arteriolar” resistance. 


SUMMARY 


Measurements of the pulmonary circulation 
were made in 12 patients suffering from chronic 
cor pulmonale. 

The resting cardiac index was not elevated 
above normal limits in these patients. The 
mean resting cardiac index in chronic cor pul- 
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nonale was significantly higher than in heart 
‘ailure due to hypertension or valvular disease, 
ind was significantly lower than in a normal 
zroup. 

Pulmonary “capillary” mean pressure was 
,ormal in 9 of 10 cases of chronic lung disease 
vith increased pulmonary arteriolar resistance 
and may be of aid in the diagnosis of cor 
oulmonale. Pulmonary arteriolar resistance was 
elevated in all 10 cases of chronic lung disease 
where the measurement was made. 

A significant association between resting car- 
diac index and arterial oxygen saturation was 
found. A significant negative association was 
observed between cardiac output and pulmo- 
nary artery mean pressure. 


CONCLUSION 


It is concluded that low or normal resting 
cardiac index may frequently be found in 
chronic lung disease and cor pulmonale for one 
of the following reasons: absence of hypoxia; 
high pulmonary vascular resistance; terminal 
condition of the patient; or some as yet un- 


explained factor. The mean cardiac index in 
chronic lung disease and cor pulmonale was 
higher than in a group with heart failure or a 
history of heart failure due to hypertension or 
valvular disease. The mean cardiac index in 12 
cases of chronic cor pulmonale was not higher 
than in normal controls, and, in fact, was 
significantly lower than normal. 
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Studies of Hemodynamic Changes in Humans 
Following Induction of Low and High 
Spinal Anesthesia 


II. The Changes in Splanchnic Blood Flow, Oxygen Ex- 
traction and Consumption, and Splanchnic Vascular 
Resistance in Humans Not Undergoing Surgery 


By Ricuarp P. Mvetier, M.D., R. BEverLEY Lynn, M.D., AND SALVATORE M. Sancertta, M.D.; 
WITH THE TECHNICAL ASSISTANCE OF GLADYS HECKMAN, R.N., AND HANNA JANOUSKOVEC, R.N. 


Low and high spinal anesthesia were administered to a group of 10 waking patients without the 
use of vasopressor drugs. Preliminary evidence does not support the view that the induced hypo- 
tension is accompanied by significant splanchnic vasoconstriction or by homeostatic diversion of 
blood from the splanchnic bed to maintain the circulation in “more vital’’ areas. 


N PREVIOUS communications we have 

presented the data on the general hemo- 

dynamic and blood oxygen changes in- 
duced in humans by the administration of low 
and high spinal anesthesia." '® This paper 
deals with the changes observed in the splanch- 
nic vascular bed in two groups of patients 
receiving low and high spinal anesthesia, but 
in whom no surgical procedure was performed. 
The general technic and methods have been 
previously described'® and mention will be 
made of the technic only as it applies to 
the problem at hand. 


MATERIAL AND METHODS 


Ten patients, nine men and one woman, with 
various medical diseases, were selected at random 
from the medical wards. Their ages ranged from 31 
to 77 years; the average age was 52.4 years. Although 
none had active infections or temperature elevations 
at the time of the study, it must be emphasized that 
only one of these patients was entirely free of 
disease, and that most of them could not be con- 
sidered normal control subjects. In three there was 
a history of chronic alcoholism, one had a fatty 
liver which was thought to be healed, and another 
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was found to have mild congestive failure, con- 
ditions which are all known to derange the normal 
liver function and splanchnic blood flow. For the 
purpose of this study, however, the selection of 
completely normal individuals was not deemed 
necessary. 

After an overnight fast, 0.1 to 0.2 Gm. of pento- 
barbital sodium was administered and the patients 
were transported to the cardiovascular laboratory 
where the air temperature was maintained at 24 C., 
and the humidity was kept fairly constant. The right 
hepatic vein was uniformly catheterized employing a 
6 to 8F Goodale birdseye catheter, introduced into a 
medial arm vein, and the position of the tip checked 
repeatedly by fluoroscopic observation. An_ in- 
dwelling round tip no. 16 venous needle was intro- 
duced into a lateral arm vein for delivery of the 
bromsulfalein drip. After a priming dose of 150 mg., 
the chemical was administered at a rate of 3.0 mg. 
per square meter of body surface per minute. 
Constancy of flow was insured by the use of a tunnel 
clamp.* 

The estimated hepatic blood flow was calculated 
according to the method of Bradley and associates,’ 
and is expressed in cubic centimeters per square 
meter of body surface per minute (EHBFM?). In all 
instances minor variations in the peripheral concen- 
tration of bromsulfalein were adjusted by computing 
the estimated hepatic blood flow according to the 
correction factors suggested by the same authors. 
In this instance, total plasma volume was calculated 
from the tables of Gibson and Evans.® Cases in 
which the peripheral concentration of bromsulfalein 
(dP) exceeded .0005 mg. per minute, were discarded. 


* Harvard Instrument Co., Dover, Mass. 
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The calculated splanchnic oxygen consumption 
(CSOC) was obtained by using the formula: 


EHBFM? X A — V Difference 


100 


(SOC = 


wherein A-V difference represents subtraction of the 
oxygen content of hepatic vein blood from that of 
brachial arterial blood in volumes per cent, and 
CSOC is expressed in cc. of oxygen per minute per 
square meter of body surface." 

The brachial arterial and the hepatic venous 
pressure were measured respectively through a no. 19 
intra-arterial needle and the hepatic catheter. Pres- 
sures were transduced via Statham strain gauges 
and recorded on the Brush multichannel oscillo- 
graph. 

The splanchnic vascular resistance (SVR) was 
calculated according to the formula: 


Mean arterial blood pressure 





SVR = ee 
Hepatic blocd flow in cubic centimeters per 
second per square meter body surface, 


and expressed as mm. Hg per cubic centimeter per 
second per square meter body surface.‘ 

Bromsulfalein levels were determined on the Beck- 
man DU spectrophotometer, previously calibrated to 
known amounts and dilutions of the dye, employing 
a wave length setting of 580 mv. Blood oxygen 
contents were determined spectrophotometrically 
according to the method of Hickam and Frayser.® 

Following a stabilization period which did not 
exceed 60 minutes, the basal values were obtained. 
Low (five patients) or high (five patients) spinal 
anesthesia was then induced according to the previ- 
ously described technic,!® wherein the former 
produces a sensory anesthetic level lower than T-4 
and is accompanied by diminished blood flow in the 
finger, and the latter leads to anesthesia above T-4 
with a release of vasomotor tone in the finger. In 
all instances these criteria were met. Finger blood 
flows and volumes and toe pulse volumes were 
measured through oncometer air transmission, trans- 
duced via Grass and Statham strain gauges, and 
recorded on the Grass oscillographic plethysmo- 
graph. 

All determinations were repeated 30 and 60 min- 
utes after the induction of spinal anesthesia. Speci- 
mens for the determination of estimated hepatic 
blood flow were drawn in groups of three, five 
minutes apart, and the averages recorded. All other 
determinations were carried out in duplicate. Vaso- 
pressor drugs were not employed at any time. 

As a control all determinations were carried out 
in an additional group of five patients over a two or 
three hour period. Spinal anesthesia was not ad- 
ministered to these patients, but all other maneuvers 
repeated as in the previous group. 


RESULTS 


The data obtained in patients undergoing 
low and high spinal anesthesia are presented in 
tables 1 and 2, respectively. 

1. Mean Brachial Arterial Pressure. This 
dropped an average maximal of 22.4 per cent 
in the “low” and 27 per cent in the “high” 
spinal group. These changes compare favorably 
with those previously reported,'> particularly 
in the low spinal group. In the high spinal 
group the drop in blood pressure was not as 
pronounced as we might have expected. This 
was probably due to the fortuitous cireum- 
stance that the low spinal group was, on the 
average, 10 years older than the high spinal 
group, and the latter had an average resting 
mean pressure of 89.4 mm. Hg, as compared 
with the former where it was 110 mm. Hg. 

2. Estimated Hepatic Blood Flow (EHBFM?). 
There was an average maximal decrease of 24 
per cent in the “low,” and 33 per cent in the 
“high” spinal group. The estimated blood flow 
(EHBFM?) decreased in all instances with 
one exception (patient A. C.) in whom an 
insignificant rise and fall occurred at the 30 
and 60 minute periods, respectively, following 
low spinal anesthesia. This was the only patient 
with an elevated right atrial pressure (5.7 
mm. Hg). 

In three subjects (J. K., J. N., J. C.) the 
control flows exceeded the expected upper 
range of normal'; in another (P. P.) it was 
slightly lower. 

3. Brachial Arterial-Hepatic Venous Oxygen 
Difference. There was an average maximal 
increase of 16.7 per cent in the “low” and 35.5 
per cent in the “thigh” spinal group. Here again, 
patient A. C. showed a transient decrease of 
1.13 volumes per cent of oxygen at the 30 
minute period, and an increase of only 0.57 
volumes per cent at the 60 minute period. 

4. Hepatic Vein Oxygen Content. The oxygen 
content of hepatic venous blood decreased a 
maximal average of 16.2 per cent in the “low,” 
and 30.3 per cent in the “high” spinal group. 
This decrease occurred in all instances except 
in patient C. V., in the low spinal group, who 
demonstrated an insignificant rise and fall 
at the 30 and 60 minute periods respectively. 
In patient A. C. there was an insignificant 
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898 HEMODYNAMIC CHANGES FOLLOWING SPINAL ANESTHESIA. II 


drop at the 30 minute period, as would be 
expected from the values already noted in his 
instance. 

The data so far presented are significant 
when compared with the results in the five 
control patients. Because of the individual 
variability in the data, the changes in the 
estimated hepatic blood flow and in the 
arteriovenous oxygen difference at the 30 
minute period in the low spinal group are not 
statistically significant. The general trend of 
change here, as in the remainder of the study, 
however, is in a downward and upward direc- 
tion respectively. 

5. Calculated Splanchnic Oxygen Consump- 
tion (CSOC). In the “‘low” spinal group there 
were average decreases of 4.7 and 6.8 per cent 
at the 30 and 60 minute periods respectively. 
In the “high” spinal group there was an 
average rise of 8.8 per cent and a fall of 2.2 
per cent at these same periods. 

In four subjects (J. K., J. N., H. W., J. C.) 
the calculated splanchnic oxygen consump- 
tion (CSOC) exceeded the known upper range 
of normal (a reflection of the high estimated 
hepatic blood flows.) 

6. Splanchnic Vascular Resistance (SVR). 
This showed no significant change in the 
patients undergoing “low” spinal anesthesia, 
and a rise of only 7 per cent in the patients 
undergoing “high” spinal anesthesia. When 
compared with the average decreases of 8.5 
and 11 per cent in the control group, these 
changes are not sufficiently clear cut to permit 
conclusive evaluation. 

7. Hepatic Vein Mean Pressure. The extreme 
variability which occurred in individual pa- 
tients, and the lack of data in regard to extra- 
vascular pressures, preclude assessment of 
these values. 


DISCUSSION 


As has been previously shown": the higher 
the level of anesthesia, the greater is the drop 
in the brachial arterial pressure and in the 
cardiac output. A close but not strict correla- 
tion was found in the decrease of the arterial 
pressure and the cardiac output, and the 
increasing level of anesthesia. 

The splanchnic bed participates in the 


decreased rate of circulating blood during 
spinal anesthesia. The estimated hepatic blood 
flow decreases, the hepatic venous oxygen 
content decreases, and the brachial arterial- 
hepatic venous oxygen difference increases. 
These changes are intensified as higher cord 
levels are anesthetized. A close but not absolute 
relation may be noted between these changes 
and the level of anesthesia (fig. 1). The in- 
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FIG. 1 


Fig. 1. Gross correlation among the mean brachial 
arterial pressure, the hepatic venous oxygen content 
and the estimated hepatic blood flow, shown as per- 
centile changes, at the 30 and 60 minute periods fol- 
lowing induction of the anesthetic (averages of five 
cases in the “low’’ and five cases in the “high’’ 
spinal groups). 


creased extraction of oxygen from the splanch- 
nic blood is readily explained by the probable 
existence of a more prolonged contact between 
blood circulating in this bed and cells available 
for extraction. The cause of the retardation 
of flow which has been shown to exist is more 
difficult to explain. It is of considerable interest 
that Habif and his associates* have shown that 
cyclopropane, ether and Thiopental anesthesias 
cause similar changes in flow in the absence of 
a decrease in the peripheral arterial pressure, 
and their findings indicate that renal and 
splanchnic vasoconstriction causes an increased 
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resistance in the vascular beds of these organs. 
This would support the belief that the renal 
and splanchnic vascular beds sacrifice their 
recipient blood as part of a homeostatic 
mechanism designed to maintain an elevation 
of the arterial pressure and the diversion of 
blood to more ‘‘vital’’ areas, in the same fashion 
as is stated to occur in oligemic shock, con- 
gestive heart failure and periods of violent 
exercise.?: 10, 2 

It is not likely that this same phenomenon is 
operative during spinal anesthesia, at least in 
regard to the splanchnic bed, at levels of blood 
pressure decreases in the order of those herein 
presented. Both in “high” and in “low” spinal 
anesthesia the changes in splanchnic vascular 
resistance are not significant and are variable 
from patient to patient. The slight average 
increase in splanchnic resistance noted only 
in “high” spinal anesthesia is so slight as to 
defy any definite conclusion. 

Added evidence against participation of the 
splanchnie bed in such a diversionary homeo- 
stasis during spinal anesthesia is afforded by 
combined study in patient W. R. (table 3). 
By placing cardiac catheters into the pulmo- 
nary artery and the hepatic vein, simultaneous 
determinations of the cardiac output, the 
estimated hepatic blood flow and blood oxygen 
contents could be obtained. Reduction of the 
saline catheter drip systems to 10 drops a 
minute and doubling of the amount of heparin 
employed prevented the development of hy- 
pervolemia. It will be noted that the percentile 
contribution of the splanchnic flow to the total 
cardiac output remained remarkably constant. 
Further work to test these findings is in pro- 
gress. The very close relation of changes be- 
tween the cardiac index, the brachial arterial 
pressure, the estimated hepatic blood flow and 
the oxygen contents of the hepatic venous and 
the pulmonary arterial bloods in this patient 
is readily seen. Papper and his associates! 
have likewise found a relation between the 
estimated hepatic blood flow and the arterial 
pressure in patients undergoing surgery under 
high spinal anesthesia. 

As is the case in general anesthesia,® spinal 
anesthesia is followed by little or no alteration 
in splanchnic oxygen consumption. Contrary 


to the mechanism which is said to be involved 
in general anesthesia, however, the decrease in 
estimated hepatic blood flow does not appear 
to be due to splanchnic vasoconstriction, but 
to a reduced rate of inflow of blood into the 
splanchnic bed. 

Investigation now in progress indicates that 
“high” spinal anesthesia leads to a marked 
reduction of the coronary blood flow.? The 


TaBLE 3.—The Data in Patient W. R. Catheters 
Introduced in Hepatic Vein and Pulmonary Artery 
with Simultaneous Determinations of Cardiac Output 
and Hepatic Flow 


Control 30 min. 60 min. 


Heart rate..............| & 67 62 
Brachial arterial pres- | 
86/55.5 

Brachial arterial mean 

pressure | 80.¢ 73.8 
Brachial arterial oxygen | 

content... ves) Eos 
Pulmonary arterial oxy- 

gen content...........| I. 
Brach. art—pulm. art. 


Brach. art—hep. ven. 

oxygen difference. ... 4.80 
Cardiac index. . 2.80 
BBP... «2 ...20...0:| O74 
EHBFM? &% contribution 

to total cardiac index. .| 26 25 

* Pressures in mm. of Hg, oxygen contents and 
differences in volumes per cent, cardiac index and 
EHBFM? in liters per minute. 


marked reduction and, in some instances, total 
temporary abolition of urimary flow during 
“high” spinal anesthesia, is indirect evidence 
that the renal bed likewise is subject to a 
putative decrease in blood flow. Cerebral blood 
flow does not appear to show any appreciable 
change in normotensive subjects.® Only in the 
skin, and probably in the muscles, has an in- 
crease in blood flow been demonstrated, asso- 
ciated with an increase in femoral vein oxygen 
content and a decrease in brachial arterial- 
femoral venous oxygen difference." 

There is a proportionately greater increase 
in the brachial arterial-hepatic venous than 
in the brachial arterial-pulmonary arterial 
oxygen difference. The conclusion is tentatively 
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reached that the increase in arteriovenous 
oxygen difference between arterial and mixed 
venous blood which follows spinal anesthesia 
is in part due to an increased extraction of 
oxygen in the splanchnic bed preponderant 
over the total changes which occur in the 
remaining vascular beds of the body. The 
important role of the renal vasculature, nor- 
mally the recipient of 25 per cent of the resting 
‘ardiae output, has not as yet been assessed. 


SUMMARY AND CONCLUSIONS 


1. The brachial arterial pressure, the hepatic 
venous blood flow, the oxygen contents of he- 
patic, pulmonary (one case) and brachial arte- 
rial bloods, the splanchnic oxygen consumption 


and the splanchnic vascular resistance were 
determined in 10 patients with various medical 
diseases, to whom a spinal anesthetic was ad- 
ministered. The level of anesthesia was “low” 
in five patients and “high” in five patients. 
Determinations were made basally, 30 and 60 
minutes following the administration of the 
anesthetic. Surgery was not performed in these 
patients. Vasoconstrictor drugs were not em- 
ployed despite the development of hypotension. 
Control observations were made in five patients 
not receiving a spinal anesthetic. 

2. Spinal anesthesia produces the following 
alterations: (a) a decrease in the peripheral 
arterial pressure; (b) a decrease in the esti- 
mated hepatic blood flow; (c) an increase in 
the brachial arterial-hepatic venous oxygen 
difference, and a decrease in the hepatic venous 
oxygen content. 

3. Neither “low” nor “thigh” spinal anesthe- 
sia produce significant changes in splanchnic 
oxygen consumption and resistance. The ab- 
sence of grossly calculable — splanchnic 
vasoconstriction, coupled with preliminary 
observations that the percentile contribution 
of the hepatic blood flow to the total cardiac 
output remains unchanged during spinal anes- 
thesia productive of hypotension of the order 
observed, indicates that blood is not diverted 
from the splanchnic bed during such hypo- 
tension as part of a homeostatic mechanism 
designed to maintain circulation in ‘vital’ 
areas. 

4. Spinal anesthesia has previously been 


shown to increase the brachial arterial-pulmo- 
nary arterial oxygen difference. Partial evidence 
is presented which indicates that a relative 
increase in oxygen extraction in the splanchnic 
bed, predominating over the extraction changes 
occurring in the remaining beds, is in part 
responsible for this change. 

5. The data corroborate previous tentative 
conclusions which correlate the degree oi 
hemodynamic change consequent to spinal 
anesthesia to the dermatomic level of the 
anesthetic. 
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Studies on Acute and Chronic Toxicity of 
Tetraethyl Ammonium Ion (Ktamon) 


Methods of Reviving Dogs after a Lethal Dose 


By Juutan F. Kerru, Jr., HARoLD D. GREEN, M.D., 8. Clay WituiAms, M.D., AND 
Corneuius C. Davis, M.D. 


Studies were done using dogs to determine: (1) the ED5* of Etamon when given as an infusion over 
30 minutes; (2) the possibility of an accumulative toxicity when Etamon is given in multiple small 
doses over long periods of time; and (3) the effect of various measures in preventing death after the 
administration of a lethal dose (LDjo*) of Etamon. The EDs of Etamon given as an infusion was 
found to be nearly twice that of Etamon given as a fast injection intravenously. There seemed to be 
an accumulative toxic effect following the use of Etamon in multiple small doses over a long period 
of time as evidenced by the difference between the ED of those receiving a single large infusion and 
those receiving multiple small infusions. Intermittent controlled positive pressure respirations were 
found to be effective in preventing death after the infusion of a lethal dose of Etamon. 


N a recent paper by McLemore, Green, 
and Lide!' the ill effects of tetraethyl 
ammonium ion (Etamon) were reviewed. 

Two deaths following the infusion of Etamon 
were reported. One was attributed to myo- 
cardial infarction, and the other was attributed 
to respiratory paralysis. The results of an ex- 
periment in which four dogs were given 
progressively increasing doses of Etamon at the 
rate of four infusions daily were also reported. 
These dogs ultimately died of a respiratory 
paralysis at a mean dose of 35 mg. per kilo- 
gram. 

In the present paper we report the results of 
further work which has been done on a larger 
group of dogs in an effort to determine: (a) 
the EDs50 (MLD350*) of Etamon when given as 
an infusion over 30 minutes, (b) the possibility 


From the Department of Physiology and Pharma- 
cology and the Department of Internal Medicine of 
the Bowman Gray School of Medicine of Wake 
Forest College, Winston-Salem, N. C. 

Supported by grant H-487(C) from the National 
Heart Institute of the National Institutes of Health. 

Etamon was kindly supplied by Dr. E. C. Vonder 
Heide of the Parke, Davis Co., Detroit, Michigan. 

* LDioo = Dose which will cause death in 100 per 
cent of animals. 

MLD; = Minimal dose at which 50 per cent of 
animals will die. 

ED» = Dose, as estimated by method of Litch- 
field and Wilcoxon,? at which 50 per cent of animals 
are expected to die. 


of an accumulative effect following repeated 
Etamon infusions, (c) the efficacy of Prostig- 
min methyl sulfate (neostigmine), oxygen, 
tracheal cannulation, manual artificial respi- 
ration, nikethamide (Coramine), caffeine and 
sodium benzoate, and intermittent controlled 
positive pressure respiration, alone or in 
combination, in overcoming the respiratory 
paralysis and preventing death after the in- 
fusion of a lethal dose of Etamon. 

The single dose studies (to determine the 
EDs) were done in order to check the safety of 
diagnostic studies in which only single in- 
fusions are required. Multiple dose studies 
were done because of the fact that one of the 
patients reported by McLemore and _ co- 
workers, was on low multiple doses and death 
was attributed to respiratory paralysis which 
was thought to have resulted from a_ toxic 
accumulation. 

The work on EDs59 and accumulative toxicity 
will be presented in part I; the work on methods 
of preventing death will be presented in part 


I. 
I. DETERMINATION OF ED;9; STUDIES ON 
ACCUMULATIVE TOXICITY 
A. Determination of EDs for Single Infusions 
of Etamon 


Methods. The methods in the four groups of 
animals used to make this determination were 
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the same. The dose of Etamon was given in 
100 ml. of saline over a period of 30 minutes 
and the dogs were allowed to be up with no re- 
straints. No anesthesia was used. The general 
health of the animals was good and the range 
in weight was from 5.0 Kg. to 12.0 Kg. Those 
dogs that survived the given dose were not 
used again for any other part of the experi- 
ment. The doses for groups | to 4, respectively, 
were 50, 60, 70 and 80 mg. per kilogram. 


TaBLeE 1.—ED;,) Following Single Infusions 


No. dogs | No. dogs 
survived | that died 


TEA dose | 
(mg./Kg.) 


No. Dogs 


Group 
in group 


No. 


50 
60 
70 
80 


EDs, 63.5 mg./Kg. 


Confidence Limits, 55.7-72.4 mg./Kg. 


TABLE 2.—(Group 5). EDs Following 


Weekly Infusions 
Av. Weight of 
dog (Kg.) 


Total No. 


: Dose at Death 
infusions ‘ 


Dog No. (mg./Kg.) 


45 

60 

60 

60 

9 80 

6 10 85 
Mean 6.0 
8.D. 2.7 


65.0 
13.6 


EDs50, 62.0 mg./Kg.* 


Confidence Limits, 69.0-55.7 mg./Kg. 
* See footnote to table 4. 


Results. Observation of the dog following 
infusion of the drug revealed the following to 
be the most marked symptoms: generalized 
muscular weakness, muscular incoordination, 
tachycardia, dyspnea (those that died showed 
dyspnea followed by apnea), excitement, and 
cyanosis. In those which lived, a normal 
equilibrium was established after about a 
12-hour period. The statistical results for this 
group are shown in table 1. In determining the 
EDs50 the method described by Litchfield and 
Wilcoxon? in their paper on evaluating dose 
effect experiments was used. 
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B. Studies on Accumulative Toxicity of Etamon 


Methods. Three groups of dogs were used in 
this determination. The method of infusion 
was the same as that described for the pre- 


TABLE 3.—(Group 6). ED; ) Following 
Biweekly Infusions 


Av. Weight of 
Dog (Kg.) 


Dose at Death 
(mg./Kg.) 


Total No. 


Dog No. Infusions 


7 55 7.0 
9 60 9. 
11 65 6. 

11 65 8.£ 
70 j 


Ne 


2.5 


a Ore 





11.0 
2.6 


Mean 
S.D. 


EDs50, 62.0 mg./Kg.* 
Confidence Limits, 65.4-58.7 mg./Kg. 
* See footnote to table 4. 


TaBLe 4.—(Group 7). EDs5o Following Infusions Four 
Times Daily 
Dose at Death 
(mg./Kg.) 


Total No. 
Infusions 


Av. Weight of 


Dog No. Dog (Kg.) 


3 


Mean 
S.D. 


ED50, 32.5 mg./Kg.* 

Confidence Limits, 36.3-29.1 mg./Kg. 

* The method described by Litchfield and Wil- 
coxon to determine the ED;» for single dose studies 
was modified as follows for the determination of the 
ED; in these multiple dose studies: It was assumed 
that if dog 1 in group 5 died at a dose of 45 mg. per 
kilogram, then he would have died also at 85 mg. 
per kilogram, the dose at which dog 6 died. This 
assumption, plus the fact that the initial dose in all 
the dogs was 40 mg. per kilogram, permitted us to 
derive a table in which there are six animals for each 
dose which caused death. The table presented is for 
group 5 as an example. 


viously discussed groups except for the fact 
that these dogs received multiple doses at 
varying intervals of time. In group 5 each 
dog received a weekly dose, the initial dose 
being 40 mg. per kilogram, with increments of 
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5 mg. per kilogram each week until death. 
In group 6 each dog received biweekly doses, 
the initial dose being 40 mg. per kilogram, with 
increments of 5 mg. per kilogram each week 
until death. In group 7 each dog received four 
doses daily, the initial dose being 20 mg. per 
kilogram, with increments of 5 mg. per kilo- 
gram every two days until death. The general 
health of the dogs was good. The weight range 
was from 3.8 to 9.8 Kg. As before, no anesthesia 
was used and the dogs were allowed up im- 
mediately after the infusion. The results for the 
groups are tabulated in tables 2, 3, and 4, re- 
spectively. 


Discussion 


The determination of the ED50 for single 
infusions requires no discussion or comment 
except to note that the ED; of 63.5 mg. per 


TABLE 5.—Group 5 


Number Alive Number Dead 


ovwcdc 


o 


1 
1 
1 
} 
} 
4 
4 


mm bo bo bo bo 


a) 


SO 


ED», 62.0 mg./Kg.* 
Confidence Limits, 69.0-55.7 mg./Kg. 
* See footnote with table 4. 


kilogram is nearly twice that mentioned by 
Krantz and Carr, 36 mg. per kilogram, for 
single nondiluted injections given rapidly. 

In the studies on accumulative toxicity it 
should be noted that the EDs» for groups 5 and 
6 are identical, except for some slight variation 
in the confidence limits. The same is true for 
the mean dose at death. In contrast to these 
two groups is the EDs of 32.5 mg. per kilo- 
gram in group 7. This finding indicates that 
tetraethylammonium does have an accumu- 
lative toxicity when given in multiple doses at 
short intervals. 

In comparing the EDs of groups 5 and 6 


with that of groups | to 4 it is striking to note 
that the difference is negligible (1.5 mg. per 
kilogram). On the basis of this observation one 
may conclude that death in groups 5 and 6 
was probably the result of the last single 
lethal dose and probably would have occurred 
at that particular dose, even had there been no 
previous infusions. 

In comparing the time intervals between 
infusions in groups 6 and 7 one may conclude 
that, if sufficient time has elapsed for the total 
excretion of the drug and recovery from any 
adverse metabolic effects, no evidence of 
accumulative toxicity will be noted. The re- 
sults in these two groups indicate that two to 
three days are ample for excretion of the drug 
and recovery; but that the drug, if given in 
several injections per day, will become toxic due 
to an accumulative effect. 


Il. Sruptes IN Metruops oF PREVENTING 
DeatH AFTER THE ADMINISTRATION OF 
A Leruat Dose or ETaMon 


Method. A total of 24 dogs was used in this 
study. The animals were in good general 
local anesthesia, | per cent Novocain. The 
femoral artery and vein were exposed and 


health. The procedures were done under a 


cannulated. Infusions were given via the 
venous cannula. The femoral pulse (blood 
pressure), electrocardiogram, and respiratory 
excursions were recorded on a polyviso ampli- 
fier. The Etamon in each instance was given 
in the same manner as that described in part 
I, that is, in 100 ml. of saline over a period of 
30 minutes. Continuous recordings were made 
during each experiment in order that all 
changes could be recorded and noted. There 
Was an approximately equal distribution in the 
number of each sex used. The weight range 
was from 4.5 Kg. to 13.5 Kg. The dosage given 
ach dog is tabulated in table 6. 

The methods and drugs which were tried as 
measures to save the animals after the ad- 
ministration of a lethal dose of Etamon were as 
follows: (a) Prostigmin methyl sulfate, (b) 
tracheal cannulation, (c) oxygen, (d) Cora- 
mine, (e) caffeine and sodium benzoate, (f) 
‘alcium gluconate, (g) manual artificial respi- 
ration with external cardiac massage, and (h) 





KEITH, JR., GREEN, WILLIAMS AND DAVIS 905 


intermittent controlled positive pressure res- 
pirations. Reasons for the use of these pro- 
cedures are discussed later. 

These various measures were tried alone and 
in combination. The Prostigmin was given by 
drip over periods ranging from 5 minutes to 30 
minutes and in doses ranging from 0.5 mg. to 
2.0 mg. The dose of Coramine was 1.5 ml. of 
a 25 per cent aqueous solution. The dose -of 
caffeine and sodium benzoate was 0.5 Gm. 
in 1.0 ml. These latter two drugs were given 
as an intravenous injection and no more than 
one dose was administered to any one animal. 
Calcium gluconate, 20 ml. of a 10 per cent 
aqueous solution, was given to one animal. 

In order that there should be no question 
concerning whether or not the animals would 
have survived without some life-saving method 
being instituted, 17 animals were allowed to 
become extremely cyanotic, and the blood 
pressure was allowed to fall to very low levels 
(0 to 25 mm. Hg systolic). Early there was 
tachycardia, then bradycardia; the latter was 
often accompanied by a partial or complete 
heart block, premature ventricular systoles, 
and, infrequently, an idioventricular rhythm 
or ventricular tachycardia. The prodromal 
signs were: (a) fibrillary movements of the 
skeletal musculature, (b) dyspnea with periods 
of apnea, (c) extreme restlessness, and (d) 
narrowing of the pulse pressure followed by an 
increase in the systolic pressure with a con- 
comitant increase in the pulse pressure. (See 
figures | and 2.) The latter changes accom- 
panied the anoxia due to the respiratory failure 
and preceded the circulatory failure. Death in 
all instances was due to the respiratory failure 
(fig. 1). In addition to the 17 animals men- 
tioned above Prostigmin was given to seven 
animals before overt signs of respiratory 
paralysis were present. These will be described 
more fully later. 

As soon as a toxic state was observed the 
particular method to be investigated was in- 
stituted immediately. If no response was ob- 
served, another method was then instituted. 
Frequently, the animal was in such a state of 
collapse that no method was effective. In such 
cases external cardiac massage was initiated 
and continued until such time as the animal 


was able to maintain its arterial pressure with 
no aid other than that furnished by the 
method under investigation. It was felt that 
this did not offer any variables in determining 
the efficacy of the other methods, since our 
interest was in long term results and not in the 
short transient recovery that was sometimes 
achieved with the cardiac massage. 

The machine used for giving intermittent 
controlled positive pressure respirations was 
a windshield wiper converted so that the part 
normally used for the blade was fitted with a 
stopcock which rotated 90 degrees, thus letting 
the air through intermittently. The air was 
piped in under pressure from an _ outside 
source. A tracheal cannula was used to conduct 
the air. The space around the cannula was of 
sufficient size to permit full expiration after the 
forced inspiration. The effectiveness of the 
cannula used in such a manner can probably 
be ascribed to a decrease in the dead space as 
a result of inserting the cannula far down in the 
trachea. 

From previous experience (see part I) it was 
thought that a lethal dose (LDj,o) of Etamon 
given as a single infusion was probably around 
70 mg. per kilogram. Therefore, several 
animals were given that dose. Two animals 
survived this dose and it was thought best to 
raise the dose level so that a consistently toxic 
state could be achieved. After some experi- 
mentation it was found that 80 mg. per kilo- 
gram was a lethal dose in most of the animals. 
In those animals that survived this dose an 
additional 200 mg. dose was given. 

Results. The adults are tabulated in table 6, 
which shows the dose of Etamon received, the 
methods used in an effort to prevent death, and 
the results of such efforts. Except in seven 
animals in which Prostigmin was administered 
before overt signs of respiratory paralysis were 
present, no aid was given unless a severely toxic 
state was achieved. 

Discussion. Work with prostigmine was stim- 
ulated by a report, by Reardon and co-work- 
ers,’ that this drug would reverse the changes 
observed as a result of Etamon infusion. Our 
experience with the drug does not bear this 
out, as can be seen from the resume of the 
12 dogs to which the drug was given (fig. 1). 
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TABLE 6.—Tabulation of the Effect of Various Procedures Tried in Reviving Dogs After the Administration of a 


Lethal Dose of Etamon 


Dog No. Dose of TEA 


(mg./Kg.) 
70 


Method(s) Used 


Tracheal cannulation 

Manual artificial respiration with ex- 
ternal cardiac massage 

Oxygen via tracheal cannula 


Caffeine and sodium benzoate (0.5 Gm. 
in 1.0 ml.) 


Oxygen via tracheal cannula 


Manual artificial respirations 


Oxygen via tracheal cannula 
Manual artificial respirations 





Oxygen via tracheal cannula 


Intermittent controlled positive pres- 
sure respirations 


Manual artificial respirations 


Caffeine and sodium benzoate (0.5 Gm. 
in 1 ml.) 


Calcium gluconate (20 ml. of 10% aque- 


ous solution) 





| 0.5 mg. Prostigmin (infusion) 
Tracheal cannulation 
Manual artificial respirations, with ex- 
ternal cardiac massage 
Coramine, 1.5 ml. of a 25% 
solution 


aqueous 


0.5 mg. Prostigmin (infusion) 

Tracheal cannulation 

Manual artificial respirations with ex- 
ternal cardiac massage 

Oxygen via tracheal cannula 


0.5 mg. Prostigmin (infusion) 

0.5 mg. Prostigmin (injection) 

Tracheal cannulation 

Manual artificial respiration with ex- 
ternal cardiac massage 





Results 


Survived this dose without any method 
being used 

Not effective 

Effective as long as continued 


Not effective without manual artificial 
respiration. 
Not effective; animal did not survive 


Not effective without manual artificial 
respiration 

Dog resumed respiratory function 
arterial pressure stabilized in 
hour 

Same as above 

Dog resumed respiratory function and 
lived 5 days in a moribund condition. 
Sacrificed 


and 
one 


Not effective without manual artificial 
respirations 

Blood pressure and stabilized. 
Stopped after 30 minutes. Dog im- 
mediately showed signs of collapse. 
Not effective due to extremely poor 
condition of the animal 

Dog did not survive 


rose 


Dog did not survive 


Not. effective 
Not effective 
Effective as long as continued 


Not effective. Dog did not survive 


Not effective 
Not effective 
Effective as long as continued 


Not effective without manual artificial 
respirations 

Dog did not survive 

Not effective 

Not effective 

Not effective 

Effective as long as continued 

Dog did not survive 
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TaBLE 6—Concluded 


Dog No. Results 


Dose of TEA 


(mg./Ke.) | er | 
io | q@eso | | 
(2) 60 


Method(s) Used 


Survived this dose 

| Tracheal cannulation; this was followed Dog recovered complete respiratory 
immediately with 0.5 mg. Prostigmin| function in 1 hour. There is some 

doubt as to whether an absolute paral- 

ysis ever developed 





| These 7 dogs were all given 80 mg./Kg. of Etamon over 30 minutes, followed im- 

| mediately, before any signs of respiratory paralysis had developed, by an in- 

| fusion of Prostigmin. Four animals received 1.0 mg., and three others received 

| 2.0 mg., 0.7 mg., and 0.5 mg., respectively. Of this group 2 lived, one having 

received 1.0 mg. and one having received 0.5 mg. It cannot be said with certainty 
that these animals would not have survived had the Prostigmin not been given, 
since other animals had survived the 80 mg./Kg. dose. (See figure 1.) 





All of the animals in this group received 80 mg./Kg., except for 3 which required 
extra doses of 200 mg. before they developed a respiratory paralysis. As soon as 
the paralysis developed the tracheal cannula was inserted and intermittent 
controlled positive pressure respiravions were begun. The blood pressure in every 
instance returned to normal levels within 3-5 mins. and the animals regained 
their respiratory function in an average time of 114 hrs. In 5 animals which 
received 150 ml. of physiologic saline the recovery time was somewhat shorter, 
being about 1 hour. One animal was given a total dose of 240 mg./Kg. in three 
doses without the controlled respirations being stopped. In this case full respir- 


atory function was regained in 4 hours after the initial dose. (See figure 2.) 


Although two of the animals did live in which 
the drug was given before there were any 
signs of respiratory paralysis, it cannot be 
stated with certainty that they would not have 
lived without the drug, since four other 
animals did survive the 80 mg. per kilogram 
dose without aid. In the 18 dogs which re- 
ceived an initial dose of 80 mg. per kilogram, 
17 per cent survived without any aid being 
given; while in the group of 12 dogs receiving 
Prostigmin there was a 16 per cent survival. 
This in itself would indicate that Prostigmin 
was probably not the effective agent in the two 
animals that lived after having received the 
drug. In the other animal that lived after hav- 
ing received the drug it is doubtful, after re- 
viewing the record, that the animal did acquire 
a complete paralysis before the drug was given. 

The insertion of the tracheal cannula was 
tried when it was noted that the dogs exhibited 
signs of laryngeal spasm or paralysis, for ex- 
ample, stridor. It was thought that a measure 
which would open this part of the respiratory 
tree would lessen the amount of respiratory 
difficulty. Oxygen was added to this procedure 


since it was thought that there was a decrease 
in the tidal volume. The procedure, as can be 
seen from table 5, was not effective, since the 
respiratory difficulty was chiefly central in 
character. 

Coramine and caffeine and sodium benzoate, 
two central respiratory stimulants, were of no 
value in overcoming the paralysis produced by 
Etamon. The calcium gluconate was used after 
it was observed that fibrillary movements of 
the muscles were present before the absolute 
paralysis set in, these fibrillations probably 
being due to a repetitive discharge at the 
nerve endings. The calcium did not cause a 
cessation of this phenomenon. 

It was observed in many of the animals in 
which other methods had been used that 
manual artificial respiration was successful in 
bringing about a temporary recovery, failure 
again ensuing if the artificial respiration was 
not continued. If there was a circulatory 
collapse after the measure was stopped, re- 
covery again could be achieved if the artificial 
respiration was reinstituted. Two dogs were re- 
vived in this manner 14 and 16 times before 
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death finally ensued, probably as a result of 
pulmonary edema or trauma to the heart asso- 
ciated with manual artificial respirations in the 
dog. One dog fully recovered his respiratory 
function following the use of this procedure; 
yet, he was in a moribund state for the re- 
mainder of the five days he lived before being 
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that it is effective for only as long as it is con- 
tinued, leaves much to be desired. Were it 
possible to continue the method for a period 
of time sufficient to permit excretion of the 
drug and the recovery of respiratory function, 
then probably it would be in the same order 
of effectiveness as the intermittent controlled 


Fic. 1. Records of respirations and arterial pressure in a dog given a toxic dose of Etamon and 
receiving only Prostigmin in an effort to prevent respiratory and vascular collapse. Upper curve 
shows respirations, recorded with a pneumograph, the downward deflection illustrating inspirations. 
Lower record shows arterial pressure, recorded by cannula in the femoral artery, connected to a 
Statham strain gauge. Figures give pressure in mm. Hg. A. Controls made two minutes before B. 
Arrow at B indicates start of Etamon infusion at time 0 minutes. First arrow at C indicates comple- 
tion of Etamon infusion at 30 minutes. Total dose given, 80 mg. per kilogram. Second arrow in C at 
31 minutes indicates beginning of Prostigmine infusion. Arrow at D indicates completion of Prostig- 
mine infusion at 46 minutes. Total dose given, 1.0 mg. Terminal changes with death at 50 minutes 
are shown in E£. Time: 5 mm. (distance between two heavy lines) = 20 seconds. Dog weight: 8.5 Kg. 


Male. 


sacrificed. It was felt by the observers that the 
anoxia incident to the periods of apnea when 
the artificial respiration was omitted probably 
caused irreversible damage to the central nerv- 
vous system. 

The institution of manual artificial respi- 
ration in a human subject in whom there is a 
respiratory paralysis following Etamon_ in- 
fusion would probably be successful, but the 
difficulty in moving large volumes of air and 
the strenousness of the procedure, plus the fact 


positive pressure respirations discussed in the 
following paragraphs. 

Following the observation that manual 
artificial respirations were effective for as long 
as they were continued in overcoming the 
respiratory paralytic effect of Etamon, inter- 
mittent controlled positive pressure respirations 
were used in the hope that a method which 
could achieve a successful gaseous exchange in 
the lungs and be operated easily over long 
periods of time would give the animal suf- 
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ficient time to excrete the drug and regain his 
respiratory function. The initial two dogs which 
were given intermittent controlled positive 
pressure respirations died. Death in one ensued 
when a compressed air conducting tube 
ruptured. Death ensued in the second dog 
when the machine was stopped after one and 
one half hours in order that we could check for 
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controlled positive pressure respirations being 
stopped. This dog regained his respiratory 
function within four hours and is an excellent 
example of the efficacy of this method. 

In the beginning it was thought that there 
might be some inhibition of bladder function 
following the autonomic ganglionic blockade 
by Etamon, but it was noted that, in almost 


AM 67 


Fic. 2. Similar to figure 1 but shows effects of intermittent controlled positive pressure respira- 
tions on the respiratory and vascular failure induced by a toxic dose of Etamon. A. Controls made 
two minutes before B. Arrows at B and C indicate the beginning and completion of the Etamon in- 
fusion at times 0 and 30 minutes, respectively. Total dose, 80 mg. per kilogram. D shows respiratory 
and vascular collapse occurring at 57 minutes. Arrow at E indicates the institution of intermittent 
controlled positive pressure respirations at 58 minutes. Arrow at F indicates cessation of inter- 
mittent controlled positive pressure respirations at 73 minutes. G and H show normal respirations at 
116 and 148 minutes, respectively. Animal survived. Dog weight 8.25 Kg. Female. For further details 


see legend to figure 1. 


any signs of regained respiratory function. 
Vascular collapse ensued immediately and we 
were not able to revive the animal. 

Seven other dogs survived after being given 
intermittent controlled positive pressure respi- 
rations for periods of time ranging from 30 
minutes to four hours (fig. 2). The average 
length of time necessary to recover their 
respiratory function for those dogs that did not 
receive 150 ml. of physiologic saline was one 
and one half hours. For those that received the 
saline, the average time required for recovery 
was about one hour. One animal received a 
total dose of 240 mg. per kilogram of the drug, 
which was given without the intermittent 


every dog, there was neither difficulty in 
urination nor any obvious decrease in the 
quantity of the urine. As has been noted, those 
dogs that were well hydrated regained their 
respiratory function in a shorter period of time 
than did those to whom no fluid was given. 
CONCLUSIONS 

According to the method for evaluating dose 
effect experiments, as reported by Litchfield 
and Wilcoxon, the EDs; in dogs receiving a 
single infusion of Etamon in 100 ml. of saline 
over a period of 30 minutes is 63.5 mg. per 
kilogram with a confidence limit range of 55.7 
to 72.4 mg. per kilogram. 
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There was evidence of an accumulative 
toxicity following Etamon infusions in multiple 
small doses in the same dog. No accumulative 
toxicity seemed to occur if the doses were given 
two to three days apart. 

The EDs for dogs receiving Etamon in 
gradually increasing doses biweekly and weekly 
is the same as for dogs which received only a 
single dose. 

Death following a lethal dose of Etamon 
was due, in all cases presented, to a central 
respiratory paralysis. Changes observed in the 
blood pressure and electrocardiogram of the 
dogs receiving Etamon resemble those seen 
with anoxia. These changes were easily re- 
versed if an adequate air intake was achieved. 

Recovery from the respiratory paralysis 
which occurred after the administration of a 
lethal dose. of Etamon was noted in those 
animals whose respiratory function was main- 
tained by artificial means for a period of time 
sufficient to permit excretion of the Etamon. 
Of all methods tried in this connection only 
intermittent controlled positive pressure res- 
pirations could achieve any lasting satisfactory 


results. Others gave only transient aid or no 
aid at all. 

Although manual artificial respiration would 
probably be effective in a human subject in 
whom there is a respiratory paralysis following 
Etamon infusion, the awkwardness of the 
method, the small amount of air that is 


moved with each excursion, and the strenuous- 
ness of the task leave much to be desired. 

It is our feeling that deaths resembling the 
second one reported by McLemore and co- 
workers could probably be prevented by 
tracheal intubation and the use of a Drinker 
respirator or intermittent controlled positive 
pressure respiration for several hours. Oxygen, 
adrenaline, and other stimulants would serve 
as useful adjuncts. 

Although the use of Prostigmin as an an- 
tagonist to Etamon in dogs and humans has 
been reported in the literature,’ the infusion of 
this drug following a lethal dose of Etamon does 
not bear this out. Due to its additive effect 
upon the bradycardia seen with the anoxia 
incident to the respiratory paralysis, it is our 
feeling that, in the presence of a respiratory 
paralysis, the administration of Prostigmin 
would be deleterious rather than advantageous. 
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Further Studies on the Effects of Changes in 
the Distribution of Extracellular Fluid 
on Sodium Excretion 


Observations Following Compression of the Legs 


By Joun A. Lusk, M.D., Wititam N. Viar, M.D., Anp TinsLtey R. Harrison, M.D. 


Bandaging of the legs of sitting subjects resulted in an increase in the renal excretion of sodium 
which declined after the bandages were removed. Consistent results were not obtained in recum- 
bent subjects. The findings appear to constitute further evidence that the distribution, rather 
than the total volume of extracellular fluids, has a regulatory action on sodium excretion. 


ITHIN the past few years it has been 

repeatedly suggested that the sodium 

retention occurring in patients with 
circulatory failure (both cardiac and periph- 
eral) was the result of inadequacy of cardiac 
output. Such inadequacy has been thought by 
some to cause sodium retention as the result 
of decline in glomerular filtration.': ?» % !° 
Others have assumed that the retention was 
due to increased tubular reabsorption brought 
about in some manner by defective cardiac 
output.?: 4:1! Both concepts are attractive 
because they offer simple and reasonable: ex- 
planations for decline in sodium excretion in 
such clinically diverse states as bleeding peptic 
ulcer, intestinal obstruction, and congestive 
heart failure. However, the previously reported 
studies of the present series*-* have offered 
what appears to us to be convincing evidence 
against the ideas of inadequate cardiac output, 
and of decline in glomerular filtration, as 
physiologic mechanisms responsible for sodium 
retention in normal subjects. It has been shown 
in healthy young males that the three func- 
tions (cardiac output, glomerular filtration, 
and sodium excretion) undergo independent 
alterations. Thus the change from recumbency 
to sitting caused marked decline in sodium 
excretion, slight decline in cardiac output, and 
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no consistent change in glomerular filtration.”: 8 
Compression of the neck of sitting subjects 
caused elevation of sodium output, the other 
two functions remaining unaffected.*:7 Re- 
moval of small amounts of blood from sitting 
subjects produced decline in sodium excretion 
without alterations in glomerular filtration or 
cardiac output. When larger amounts of blood 
were removed, marked decrease in sodium ex- 
rretion and slight decline in glomerular filtra- 
tion were encountered without significant 
alterations in cardiac output. On the other 
hand, the administration of digitalis to normal 
subjects caused early decline in cardiac out- 
put, the sodium excretion remaining constant 
or increasing slightly. As cardiac output re- 
turned to the normal level, decline in sodium 
excretion and in glomerular filtration usually 
occurred.’ Thus studies on normal subjects 
lend no support to the concept that cardiac 
edema is the result of sodium retention conse- 
quent to forward failure. However, the possi- 
bility that these various findings in normal sub- 
jects may bear no relationship to the problem 
of heart failure cannot be excluded. The final 
answers to the question of the mechanism re- 
sponsible for cardiac edema can only come 
from studying patients with heart failure. On 
the other hand most of the mechanisms of 
disease are exaggerations of normal mech- 
anisms. Hence it seems probable that such 
studies will be more fruitful if conducted in the 
light of clear knowledge of the mechanisms 
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regulating sodium and water balance in normal 
subjects. 


There are a number of observations which 
suggest that alterations in the volume of body 
fluids may have an important regulatory effect 
on the renal output of sodium. Thus Peters'® 
has suggested that disturbances in the Starling 
equilibrium between oncotic and capillary 
pressures lead to increased transudation into 
the tissues, and that the consequent decline 
in blood volume initiates sodium retention by 
means of unknown mechanisms. However, this 
concept is difficult to reconcile with the findings 
in patients with congestive heart failure, who 
may retain sodium in spite of well marked evi- 
dence of hypervolemia. Similar objections 
apply to the suggestion of Welt and Seldin,” 
that increased oncotic pressure of the plasma 
consequent to escape of fluid from the blood 
stream into the tissues may be the stimulus 
responsible for sodium retention. Patients with 
nephrosis retain sodium in spite of marked de- 
crease in oncotic pressure. 

Further evidence against the idea that de- 
cline in blood volume is an important stimulus 
to sodium retention is furnished by the obser- 
vations of Goodyer and co-workers'® and of 
Welt and Orloff.!* These observers found that 
sodium excretion of normal subjects declined 
following the administration of hypertonic 
albumin solution, a procedure which would be 
expected to increase the blood volume at the 
expense of the interstitial fluid. 

The possibility that decline in the total vol- 
ume of interstitial fluid (rather than the plasma 
volume) constitutes a normal stimulus to 
sodium retention merits consideration. This 
concept is compatible with the decline in 
sodium output occurring after the administra- 
tion of hypertonic albumin solutions. However, 
it is not compatible with the tendency of 
markedly edematous patients to retain sodium. 

The foregoing considerations are susceptible 
of several alternative interpretations: (1) 
Deficit of the total volume of extracellular 
fluid causes sodium retention in healthy sub- 
jects, but this mechanism is not operative in 
edematous patients. (2) The stimulus to 
sodium retention is not decline in the volume 


of extracellular fluid but some closely related 
function. The first assumption seems unlikely 
on a priori grounds. The second assumption is 
favored by a considerable body of recent evi- 
dence, which may now be reviewed briefly. 

It has been shown that experimental venous 
congestion of the legs of normal subjects causes 
a pronounced decline in sodium output." 7 
On the other hand, experimental congestion 
of the head of sitting subjects has the reverse 
effect.> These observations plus the effects of 
posture, bleeding, and digitalis, as considered 
in our previous communications,®~* can all be 
explained by a single hypothesis: that decline 
in the intracranial extracellular fluid volume 
(or some closely related function) leads to 
sodium retention. If such a regulating mech- 
anism exists, it may possibly be of importance 
in relation to sodium retention in edematous 
states. These can only be proved by studies on 
patients with various types of edema. However, 
such studies are more likely to be fruitful if 
conducted in the light of a thorough knowledge 
of the normal physiology of the mechanisms 
concerned. Hence we have preferred to con- 
tinue our investigations of healthy persons 
before studying patients. 

It is well known that the intravenous injec- 
tion of solutions containing sodium is soon 
followed by an increase in the urinary output 
of sodium.” Such an effect has naturally been 
assumed to be the result of an increase in the 
total volume of extracellular fluid. However, it 
might equally well be the result of a local in- 
crease in extracellular fluid volume in some 
regulatory area. Likewise, experimental con- 
gestion of the legs decreases sodium output, 
while experimental congestion of the head 
(carried out under appropriate conditions) has 
the reverse effect. These findings can, likewise, 
be explained by the assumption of alterations 
in extracellular fluid volume in an intracranial 
center. They raise the question whether altera- 
tions induced by redistribution of extracellular 
fluid from the legs to the remainder of the body 
might not tend to increase sodium excretion. 
The experiments to be reported in this com- 
munication were conducted in order to test 
this idea. 
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MetTHOD oF StuDy 


The procedure was similar to that previously re- 
ported.? The subjects were healthy male medical 
students. They ingested their usual diets to which 
2 Gm. of sodium chloride were added daily. For at 
least two days prior to the experiment they avoided 
activities which would tend to disturb their usual 
fluid and electrolyte balance. On the day of the 
experiment breakfast was omitted. Subjects were 
allowed 30 Gm. of milk chocolate every hour, so 


TABLE 1. 
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of nine hours. In other observations the feet, legs, 
and thighs were snugly compressed by an elastic 
bandage at the end of the third hour after the onset 
of loading. The bandages were kept in place for 
four hours and then quickly removed, urine being 
collected for two additional hours. 


RESULTS 
One subject developed migraine on two 
different occasions and exhibited different re- 


Sodium Excretion of Normal Subjects in the Sitting Position Before, During, and After 
Compression of the Legs 


| Control 


s Hour 
Subject , 


3rd Hr. 


Experimental Period 
Legs Compressed 


4th Hr. | sth Hr. | 6th Hr. | 7th Hr. | sth Hr. | oth Hr. 


Postexperimental 
Control Period 
| Legs Not Compressed | 


Serum Sodium 
mEq./liter 


3rd Hr. | 7th Hr. 


Sodium Excretion (mEq./hr.) 


At 
50 6.75 
9.41 24.42* 
oad 18.60 

15.84 
15.03 
17.73 
16.49 


J.A.L.(1) 2.3 3.99 
J.A.L.(2) 

K.L.Y. 
M.C. 
CP. 
BD? 
L.L.S. 


Average 


J.A.L. 
J.A.L. 
K.L.Y. 
M.C. 
CPC. 
DP. 
L.L.S. 


425 
419 
390 
445 
443 
434 
607 


452 


384 
197 
461 
398 
427 
462 
408 


398 
270 
520 
620 
dll 
401 


R= 


v4 


Average....... 391 471 


12. 

3. 
25. 
13. 
15. 
19. 
18. 


15. 


Urine Volume (ml./hr.) 


300 
323 
617 
325 
410 
481 
446 


415 


6.50 1.81 
3.63 2.45 
25.59 19.13 
10.48 8.59 
16.76 15.54 
13.46 12.60 
21.50 19.17 


30 
88 
95 
33 
17 


2.59 
1.41 
15.01 
11.84 
10.89 
10.55 


141 
143 
73 148 


48 144.0 


13.99 


260 
341 
448 
419 
399 
350 
512 


223 
368 
318 
457 
323 
270 


390 329 





* Bandages readjusted and tightened at end of 5th hour. 


as to prevent hunger from becoming a disturbing 
factor. One cigarette per hour was smoked by those 
subjects who so desired. 

The subjects ingested 200 ml. of 0.14 per cent 
sodium chloride solution at hourly (recumbent) or 
half-hourly (sitting) intervals. Urinary output was 
measured hourly. The specimens for the first two 
hours were discarded, because it has been shown 
that equilibrium is not usually obtained until the 
third hour. Urinary and serum sodium concentra- 
tions were determined with the flame photometer, 
by the method of Mosher and co-workers.'® In con- 
trol experiments the subject continued to ingest the 
solution and to void at hourly intervals for a period 


sponses from those obtained in the other in- 
dividuals. The data from this individual will 
be considered separately. 

During the control experiment in which the 
legs were not wrapped, the sodium output ex- 
hibited relatively small changes after the third 
hour of ingesting the loading solution. Since 
these data are similar to those previously re- 
ported,*-’ they need not be considered further. 


The effects of bandaging the legs of sitting sub- 
jects were studied in seven experiments (table 
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1, fig. 1). In one instance (subject C.P.C.) the 
results were inconclusive, while in the remain- 
ing six instances a slight to marked rise in 
sodium excretion occurred. The increment was 
least during the first hour, greatest during the 
second, and somewhat reduced during the 
third and fourth hours (fig. 1). Following re- 


SODIUM EXCRETION mo. URINE 
VOLUME ». SITTING SUBJECTS 
wrx LEGS COMPRESSED 


AVERAGE oF SEVEN NORMAL SUBJECTS 


mi urine Jnr: 
leans mEq Na / hr: 


...H20 INTAKE. 16 


200 
3 4 s 6 


A- Banoasts APPLIED 
B- BANDAGES REMOVED 


Fic. 1. Sodium excretion and urine volume of nor- 
mal subjects in the sitting position with legs com- 
pressed. The bandages were applied immediately 
after collection of third hour urine specimen, and 
were removed immediately after seventh hour speci- 
men was collected. The graph above represents the 
mean values obtained from seven observations on 
six subjects. The values for the first two hours are 
not included, since it was found that subjects did 
not reach constancy until the third hour. Sodium 
intake was 10.58 mEq. per hour, and water intake 
was 400 ml. per hour. Urine volume showed no con- 
sistent changes. On the other hand, the sodium out- 
put rose sharply after the application of the band- 
ages, and reached a maximum in two hours. During 
the remaining two hours in which the legs were com- 
pressed, sodium output declined slightly from the 
peak value. After removal of the bandages a marked 
drop in sodium excretion was observed. 


moval of the bandages the sodium output 
declined, and sometimes to levels lower than 
those found prior to the application of the 
bandages. The average sodium output, which 
was approximately equal to the intake during 
the control hour, exceeded the intake by about 
65 per cent while the legs were wrapped. 
The similarity of the hourly changes in 
sodium excretion produced by wrapping the 
legs and by compression of the neck—as ob- 


served in a previous study’—was striking, and 
is illustrated in figure 2. 

In the three subjects in which serum sodium 
was determined, both before and after com- 
pression of the legs, the values showed no con- 
sistent change (table 1). In two of the subjects 


COMPARATIVE EFFECTS or 
HEAD CONGESTION ano LEG 
COMPRESSION om SODIUM EXCRETION 


5 
hours 
A-LEGS COMPRESSED; B-COMPRESSION REMOVED 
AHEAD CONGESTED: B-CONGESTION RELIEVED 

Fic. 2. Comparative effects of congestion of the 
head and compression of the legs on sodium excre- 
tion of normal subjects. The curve showing the effect 
of compression of the legs on hourly sodium output 
is the mean of seven observations on six healthy 
males (solid line). The curve showing similar changes 
effected by congestion of the head is the mean of ob- 
servations on four healthy males (dotted line).?7 The 
experimental procedure was the same in both experi- 
ments, with the exception of sodium intake. With 
compression of the legs the sodium intake was 10.58 
mEq. per hour; and with congestion of the head 
9.58 mEq. per hour. The similarity of the two curves 
is striking. Both show a marked rise during the first 
two hours after either compression of the legs or 
congestion of the head, and then a decline during 
the latter part of the observation period (A-B, 
A’-B’). Both curves show a decline of sodium excre- 
tion to levels below control values in the two hours 
following removal of compression of legs (B) or relief 
of congestion of the head (B’). 


there was a decrease of 3 and 5 mEq. per liter. 
In the third subject the serum sodium rose 
6 mEq. per liter. 

The effects of wrapping the legs of recumbent 
subjects were observed in three experiments 
(table 2). No consistent changes were observed 
in urine volume. The sodium excretion was 
greater than the intake (5.76 mEq. per hour), 
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TaBLE 2.—Sodium Excretion and Urine Volume of Normal Subjects in Recumbent Position with Legs 


19.11 
21.9 
21.1 


Experimental Period 
Subject | Legs Compressed 


- | 4th Hr, | sth Hr. | 6th Hr. | 7th Hr. 
Sodium Excretion (mEq./hr.) 


19.04 | 15.96 | 12.63 | 14.21 


Postexperimental | 
Control Period | 
| Legs not Compressed | 


Serum Sodium 
mEq./liter 


: | . oe - 
8th Hr. 9th Hr. | 3rd Hr. 7th Hr. 


156 


| 


13.8 | 10.06 | 11.1 | — 146 +#| #148 
16.9 | 14.3 _ 13.9 141 140 








| 
| 
| 
| 


Average 4. g 20.70 


Urine Volume (ml./hr.) 


16.58 | 13.62 | 11.87 | 14.06 | 143.5 | 141.5 





| 
J.A.L. | | 147 | 
D.P. | 196 
M.C. | | 204 


Dy ae 27 | 189 


EFFECT or PAIN on SODIUM EXCRETION 
ano URINE VOLUME 
ml. URINE / HR 
memes Na/HR. 


S 6 7 
A- BANDAGES APPLIED 
B~- BANDAGES REMOVED 


Fig. 3. Effect of pain on sodium excretion and 
urine volume of subject in sitting position with legs 
compressed. Just prior to the application of the 
bandages, venepuncture was performed for deter- 
mination of serum sodium (A). Within 10 to 15 
minutes after the application of bandages subject 
developed a severe throbbing headache in the left 
temporal area, which could be relieved by pressure 
over the left temporal artery. The headache spread 
to the right temporal area, and decreased somewhat 
in intensity, but persisted throughout the experi- 
ment. The hourly sodium output (solid line) de- 
creased consistently during the experiment. Unlike 
the changes shown in figure 1, there was no rise in 
sodium output after compression of the legs, indi- 
cating that the antinaturetic effect of pain outweighs 
the naturetic effect of compression of the legs in the 
absence of headache (fig. 1). After an initial drop in 
urine volume the hourly output rose moderately but 
fell again after a second venepuncture at B. This il- 
lustrates the antidiuretic effect of a painful pro 
cedure. 


272 =| 228 


266 
223 


239 

as is usual with recumbent subjects.® However, 
no consistent changes in sodium excretion were 
noted. Here again, there is a similarity of 
hourly changes in sodium excretion observed 
after wrapping the legs, and congestion of the 
head.> Noteworthy changes in serum sodium 
values were not observed. 

The effects of pain on sodium excretion. The 
findings are illustrated in figure 3. The subject 
developed a spontaneous attack of migraine 
shortly after the bandages were applied to the 
legs. The severe headache persisted throughout 
the experimental period, and was accompanied 
by a striking progressive decline in sodium ex- 
cretion and a somewhat less pronounced de- 
crease in urine volume (fig. 3). On another 
occasion the needle became plugged during 
an attempted venepuncture on the same sub- 
ject. The resulting hematoma caused con- 
siderable discomfort and was followed by a 
milder attack of migraine. The sodium output 
declined in this experiment, the degree of de- 
cline being less than during the more severe 
attack of migraine. 


DISCUSSION 


The data indicate that bandaging of the legs 
causes increased output of sodium in the urine. 
In view of the other observations which have 
been mentioned, it appears probable that the 
effect is analogous to that produced by an in- 
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travenous infusion of saline solution, and is 
due to an increase in the volume of extracellu- 
lar fluid in some regulatory area. 

The observations are in accord with numer- 
ous other findings in pointing toward a lack of 
correspondence between the renal excretion of 
sodium and of water. 

The similarity in sitting subjects between 
the effects on sodium excretion of wrapping the 
legs and of compressing the neck (fig. 2) has 
already been mentioned. In each instance 
sodium excretion increased for two to three 
hours, and then gradually declined during the 
last of the procedure. The resemblance between 
the two curves may be fortuitous, but it is also 
possible that in both instances the effects were 
mediated by an increase in the extracellular 
fluid volume in the brain induced by distribu- 
tional changes in the interstitial fluid. In this 
connection, it is of interest that in recumbent 
subjects neither compression of the neck® nor 
bandaging the legs had any consistent effect 
on sodium excretion (table 2). The reasons for 
the differences between the effects of these 
procedures in the sitting and the recumbent 
posture are not clear at this time. 

Further information is, likewise, needed in 
order to interpret the time curves of sodium 
excretion. The various procedures which are 
believed to alter sodium excretion by affecting 
intracranial fluid volumes have usually ex- 
hibited a definite lag of more than one hour 
before the maximal effect is apparent. This 
makes both a direct neurogenic mechanism and 
an adrenal cortical mechanism seem unlikely, 
the peak effect being too slow for the former 
and too rapid for the latter. The reasons for 
the failure of sodium excretion to remain at 
the maximal level during the third and fourth 
hours (figs. 1 and 2), despite the continued 
presence of the procedure which led to the in- 
crease, are, likewise, not clear. Presumably, 
the displacement of extracellular fluid from the 
legs was more rapid in the first two hours than 
subsequently, and the autoinfusion of saline 
solution proceeded more slowly in the subse- 
quent period. If, however, the increase in 
sodium excretion was the result of an increment 
in interstitial fluid in the cranial cavity, it is 
difficult to understand why such increment 


should be of lesser magnitude during the third 
and fourth than during the second hour of leg 
compression. Here again, additional evidence 
is needed. 


The starting point of these experiments was 
the desire to study the effect of alterations in 
the distribution of body fluids on sodium 
excretion. The demonstration of a pronounced 
increment when the legs were compressed 
constitutes further evidence, in addition to 
that already cited in the introduction, that 
alterations in distribution of body fluids with- 
out alterations in total volume may exert pro- 
nounced effects on sodium excretion. 

If, as seems likely from the present and the 
preceding observations,>~* changes in the dis- 
tribution of body fluids are capable of exerting 
a regulatory effect on sodium excretion, the 
question naturally arises as to which fluid 
compartment is concerned. Evidence against 
the volume or distribution of blood plasma as a 
stimulus to the regulation of sodium excretion 
has already been cited." It seems unlikely that 
compression of the legs would result in a sig- 
nificant displacement of intracellular fluid. 
Furthermore, if increase in intracellular fluid 
in some regulatory area were more important 
than increase in extracellular fluid in causing 
augmentation of sodium excretion, one would 
expect that the administration of water (which 
diffuses freely into the intracellular compart- 
ment) would be a more effective natriuretic 
measure than the administration of solutions 
of sodium chloride. Such is not the case. On 
the contrary, ingestion of large amounts of 
water may actually lead to depression of sodium 
excretion.”° 

Most of the data in the literature, as well as 
our own previous observations, appear to be 
compatible with the concept that alterations 
in the volume of the intracranial interstitial 
fluid lead to similar directional changes in 
sodium excretion. However, the demonstration 
that tilting the head downward does not in- 
crease sodium excretion, and that compression 
of the neck or legs (which augments sodium 
output of sitting subjects) has no consistent 
effect on recumbent subjects,®:7 would appear 
to be opposed to this concept. The problem is 
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complex because the cranial cavity is a rigid 
box containing four fluid compartments 
instead of the usual three. Methods for meas- 
urement of the intracranial content of intra- 
cellular, interstitial, intravascular, and cere- 
bro spinal fluid are not available. It is possible 
that in the sitting subject compression of the 
neck increases the interstitial fluid, while in 
the recumbent subject one of the other fluids 
is increased. More knowledge is, therefore, nec- 
essary before final conclusions can be drawn 
concerning the precise relationship between the 
volume of these several intracranial fluids and 
the control of sodium output. 

In order that this discussion should not be 
misinterpreted, two points mentioned in pre- 
vious reports merit re-emphasis. The first is 
that the intracranial mechanism under dis- 
cussion is certainly not the only one, and is 
probably not the most potent mechanism regu- 
lating the renal excretion of sodium. Such 
factors as the endocrine balance of the subject, 
the presence or absence of discomfort or emo- 
tional stress, the degree of consciousness, the 
level of plasma sodium, and (probably most 
important) the state of the sodium stores of the 
body (that is, the balance between intake and 
loss during the several preceding days) are 
probably of great importance in determining 
sodium output. Further investigations are 
needed before the complexities of the interplay 
of these and other unknown variables can be 
understood. 

A second point which merits re-emphasis is 
that the investigations thus far made on the 
relationship between the distribution of body 
fluids and the excretion of sodium have been 
limited to normal subjects. There is as yet no 
proof that the mechanisms under discussion 
play a role in edematous states, or in other 
diseases connected with alterations of sodium 
excretion. 


SUMMARY 


Compression of the legs of healthy young 
males in the sitting position, by means of an 
elastic bandage, causes well marked increment 
in urinary sodium output. No consistent effect 
was found in the recumbent position. Urine 
volume was not significantly altered. 


Pain, due to migraine or to unsuccessful 
venepuncture with the formation of a local 
hematoma, was attended by a pronounced 
decline in the output of sodium and a less 
marked decrease in urine volume. 

The possible mechanism of these results has 
been discussed. It is believed that the augmen- 
tation of sodium excretion is due to redistribu- 
tion of extracellular fluid from the legs to cer- 
tain regulatory areas. Compression of the legs 
is, therefore, considered to be analogous to the 
intravenous administration of saline solution. 
The data are considered as being compatible 
with the previously suggested concept of an 
intracranial center, sensitive to alterations in 
the local volume of interstitial fluid, and exert- 
ing a regulating influence on extracellular fluid 
volume by altering sodium excretion. 
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if The Relation of Water and Sodium Excretion 





to Blood Pressure in Human Subjects 


By D. M. Green, M.D., H. G. WepEtL, M.D., M. H. Watp, M.D., ANp B. LEARN»ED, B.S. 


High sodium loads were administered intravenously to a group of subjects whose blood pressures 
covered a wide range. Despite large individual variations, the water and sodium excretion of the 
group were found to be significantly and directly correlated with blood pressure. 


HE RELATION of salt to hypertension 
has been the subject of investigation 
since the report of Ambard and Beau- 
jard in 1904.' Over the years, numerous in- 
vestigators have adduced evidence that high 
sodium intakes tend to increase blood pres- 
sure,>” while sodium restriction, either by 
dietary measures,*“ or ion exchange resin 
administration": '® may be associated with a 
lowering of pressure, although the number of 
hypertensive patients who so respond is limited 
and clinical improvement often exceeds the 
reduction in pressure.'*: | 
These relationships have been viewed as 
evidence that the development or maintenance 
of essential hypertension may involve the 
adrenal cortex,'?:'’ presumably through the 
operation of its so-called ‘‘sodium retaining” 


hormones. Surprisingly little attention seems. 


to have been devoted to the exploration of this 
hypothesis by actual measurements of the 
rates at which hypertensive patients excrete 
sodium relative to normotensive controls. 
Perera and Blood" reported that a group of 
hypertensive patients exhibited a smaller 
diuresis than a corresponding group of controls 
during a 24 hour period of salt restriction. Con- 
siderable overlap was present, however, and 
the sodium output of the two hypertensives 
in which this factor was measured was not 
different from the output of two normotensive 
controls. Farnsworth and Barker'® studied the 
simultaneous chloride and inulin clearances of 
0 hypertensive patients as compared with 
2 controls. At comparable filtration rates, the 
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reabsorption of chloride (and, presumably, 
sodium) was lower in the hypertensive group. 
Differences in dietary salt intake prior to the 
studies were assumed to be inconspicuous, but 
were not measured. 

The present experiments were designed to 
study over a wide pressure range the relation- 
ship of the blood pressure level to sodium clear- 
ance and excretion rates in response to a fixed 
sodium load. 


METHODS AND MATERIALS 


The subjects for these studies consisted of 45 
patients from the wards and outpatient department 
of the Evanston Hospital. The majority were suffer- 
ing from some form of cardiovascular disease (ta- 
ble 1). The group included 14 patients with a his- 
tory of chronic congestive failure, who were well 
controlled at the time of study. 

No dietary restrictions were imposed except that 
the subject was instructed to take nothing by mouth 
from the prior midnight until completion of the test. 
Upon reporting to the laboratory at 7:30 a.m., 
height and weight were measured and the surface 
area was calculated. The patient was placed at bed 
rest and catheterized. The bladder was drained, 
washed with two 10 ce. portions of sterile distilled 
water and blown out with two 20 cc. portions of air. 
The specimen and washings from this collection 
were discarded. The catheter was clamped and left 
in place. 

At the end of a 30 minute control period the urine 
was collected by the procedure outlined above, the 
volume measured and the specimen saved for analy- 
sis. During this period, control blood samples were 
taken. 

Following the control period, 100 cc. per square 
meter of body surface area of a 5 per cent sodium 
chloride solution were infused into an arm vein 
over a 25-minute interval. Urine collections were 
made at 30, 60, 90, 120 and 180 minutes, respectively 
from the time of the start of the infusion. Blood 
samples were taken at the end of the first period and 
at the midpoint of all succeeding periods. 
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Urine and blood samples were analyzed for so- 
dium concentration by use of the Beckman flame 
photometer. Hematocrit determinations were done 
on all blood samples. Eosinophil counts were made 
during the control period and one hour after the 
start of the infusion. 

From these measurements the sodium concen- 
tration, water and sodium excretion rates and so- 
dium clearance were calculated for the control pe- 
riod and each of the test periods. The cumulative 
water and sodium excretions from the start of the 
infusion were also calculated. 


TABLE 1.—Composition of the Subject Group 


Diagnosis Number of Subjects 
No circulatory disease. . 
Rheumatic heart disease 
Essential hypertension. . 
Hypertensive heart disease 
Without history of failure 
With history of failure. . 
Arteriosclerotic heart disease 
Without history of failure. 
With history of failure 
Total 


TABLE 2.—Mean Age, Renal Function and Hematocrit 
Values in Subjects Grouped According to 
Mean Blood Pressure Range 


Mean 
Pressure No. of Age 
Range Subjects (yrs.) 
(mm. Hg) 


PSP mum Hema- 
Excretion Concen- tocrit 
(%) tration | (vol. %) 
(S. G.) 


70- 99 é 3S 52 


1.024 42 
100-119 : 5S 1.021 46 
120-139 15 ) 62 1.018 43 
140-199 12 52 1.018 44 


The blood pressure of the subject was taken at 
intervals throughout the procedure by use of a 
mercury sphygmomanometer. The blood pressure 
readings were averaged and the approximate mean 
pressure estimated by adding together the mean 
systolic and diastolic pressures and dividing the 
sum by two. The value obtained by this procedure 
is usually somewhat higher than the true mean pres- 
sure as obtained by the analysis of pressure pulse 
curves.”’ 

At a time other than the test day, renal function 
was estimated by means of a phenolsulfonphthalein 
(PSP) excretion test and a determination of the 
maximum concentrating capacity. 

The existence and degree of correlation between 
any two factors were determined by the calculation 


of regression and correlation coefficients. Adjus. - 
ments were made for the influence of a third fact; 
by the application of the technic of regression o: 
the third variable." The relation of blood pressu:: 
to other factors was further investigated by grou)- 
ing the subjects into four blood pressure rang 

based on the frequency distribution of the mes 

pressures (table 2). The significance of differenc 

between groups was estimated by determining tl, 

standard error of the differences between means « 

regression coefficients. Statistical significance wy» 
established by application of Student’s ¢ tests.” 


WATER EXCRETION 


——BP 140-199 
----BP 120-139 
—-—BP 100-119 


90 
MINUTES 


Fic. 1. Cumulative water excretion following the 
administration of 5 per cent sodium chloride solu- 
tion, 100 ce. per square meter, in 25 minutes, start- 
ing from zero time. The 45 human subjects have 
been divided into four groups based on their ap- 
proximate mean blood pressure during the experi- 
ment. The ¢ values for the differences in regression 
coefficients of water excretion on time (6) between 
adjacent groups are significant (p<0.01). 

b ( 70- 99) = 0.63 b (130-139) = 1.30 
6 (100-129) = 0.94 b (140-199) = 1.91 


RESULTS 


When the cumulative water and sodium 
outputs of the four groups were compared, it 
was found that the higher the blood pressure 
range, the greater were the amounts excreted 
(figs. 1 and 2). Comparison of the slopes of 
the curves relating output to time indicated 
that the differences between groups were real 
(p < 0.01). 

The differences in behavior at the various 
blood pressure ranges were quite striking. By 
the end of three hours, the group in the highes! 
range excreted more than four times the 
amount of administered water while the pa- 
tients in the lowest range excreted about one- 
quarter more than the quantity received. 
During this same interval, the group in the 











highest range had eliminated virtually all of 
tle administered sodium, a quantity almost 
three times as great as that excreted by the 
si bjects in the lowest range. 

The relationship between blood pressure 
d the amounts of water and sodium excreted 
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_ Correlated (—30 to 0 min.) 
with BP (mm. Hg) 


mean 6 r 
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adjusted for age: 

UnaV (mM./min./m.?) 0.15 .0016*| .315* 
adjusted for age: 

Una (mM./L.) 148. —.583 |—.224 

UxaV s 

= (ce./min./m.?) 0.96 .013* .366* 
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adjusted for age: 





















he ees 
lu- Measurement Period (start of infusion is zero time) 
rt- Dependent Variable ——-— —— ——- — —-— — 
ive : Correlated (60 to 90 min.) (90 to 120 min.) (120 to 180 min.) (0 to 180 min.) 
with BP (mm. Hg) eae : sais 
= mean b r mean b r mean b r mean b # 
*ri- _ ‘ = 
ion V (ee./min./m.?) 1.37|.013f |.435¢| 1.31) .013f 4367; 1.02, .009F .4597/1.51) .019F | .573F 
een adjusted for age: 
UxaV (mM./min./m.?) 0.30 .00257,.3977, 0.30) .0028f; .421f) 0.25 .0024¢; .4847,0.31) 00337 .515t 
adjusted for age: 
Uya (mM./L.) 224. |.087 |.036 |227. |—.159 |—.084 |240. |—.420 |—.225 
UnaV , 
>. (¢e./min./m.*) 1.93 .015* |.383*, 2.00, .021¢ | 471] 1.68, .011 | .326* 
Na 
adjusted for age: 
um . Sees =e > a eae raat 
, it b = coefficient of regression on blood pressure. 
ure r = coefficient of correlation with blood pressure. 
ted = p < 0.05 that 6 or r = 0. 
; = p < 0.01 that b or r = 0. 
of 
was evaluated also by correlating the three tion were related to blood pressure also, al- 
- hour excretion of each patient with the pressure though to a lesser degree (p < 0.05). 
| (table 3). Although the relatively low values The urinary sodium concentration increased 
th | of the correlation coefficients indicated con- progressively throughout the test. During no 
siderable variability, the total number of pa- period was a significant relation to blood 
i. tents studied was sufficiently large to permit pressure demonstrated. 
th tae establishment of meaningful regressions The greater sodium excretion at higher blood 
a> . : ° ° “ 
P (9 < 0.01). pressures primarily reflected the rise in sodium 
— Analysis of the rates at which water and clearance, most evident during the first hour 
vec. . . . ° ° e . 
sodium were excreted showed that the maxima after the start of the sodium chloride infusion 
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were achieved during the first period after the 
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*\ BLE 3.—Relation of Blood Pressure to Urinary Output of Water (V) and Sodium (UnaV), Sodium Concentration 
(Una) and Clearance Rate — before and after Intravenous Infusion of 5 Per Cent Sodium Chloride 
Solution, 100 cc per Square Meter of Body Surface, in 25 Minutes 


Measurement Period (start of infusion is zero time) 
Dependent Variable ai 
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start of the infusion with a subsequent decline 
toward the control rate for sodium and below 
that for water (table 3). The correlation of 
individual excretion rates with blood pressure 
was significant in each test period (p < 0.01). 
The control rates of water and sodium excre- 


(0 to 30 min.) (30 to 60 min.) 
mean b r mean b r 
2.46 .O40F .556T kel .028F -A4T 
.O044F .O85T 


0.38 .0060t| .554¢ 0.37) .0056¢ = .504F 
0068+) .581t 
162. |—.034 | —.017 | 216. |—.325 | —.167 


2.38 .036F .537T 2.41 .036F 4927 
.O40F O71 








(fig. 3, table 3). At low pressure levels, the 
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sodium clearance rose to about twice the con- 
trol value and tended to remain constant there- 
after. At higher pressure ranges, the sodium 
clearance was increasingly elevated, and ex- 
hibited a secondary fall during the second and 
third hours. At the highest pressure range, 
these opposing trends resulted in a sharp peak 


: Na EXCRETION 
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Fic. 2. Cumulative sodium excretion. Conditions 
as in figure 1. The ¢ values for the difference in re- 
gression coefficients of sodium excretion on time (5) 
between adjacent groups are significant (p < 0.01). 
b ( 70- 99) = 0.15 b (130-139) = 0.30 
b (100-129) = 0.22 b (140-179) = 0.40 


Na CLEARANCE 
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90 
MINUTES 
Fic. 3. Sodium clearance by periods. Conditions as 
in figure 1 


in sodium clearance with a return toward the 
values exhibited by the lowest pressure group 
at the end of three hours. 

The differences in sodium clearance between 
groups were not attributable to the rate at 
which hemodilution followed the infusion of 
the concentrated sodium chloride solution 
(fig. 4) or to the extent of change in plasma 
sodium concentration. The changes in hemato- 
crit value were virtually identical at all blood 
pressure levels, particularly when adjustments 
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were made for the initial value, which varied 
slightly between groups (table 2). The chang:s 
in plasma sodium concentration were coi)- 
parable also. 
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Fic. 4. Hematocrit changes by periods. For pur- 
poses of comparison, the control values for each 
group have been taken to equal 100 per cent. Test 
values are expressed as a percentage of the control. 
Conditions as in figure 1. 


TaBLE 4.—Relation of Age and Renal Function to 
Sodium Excretion Rate (First Test Period) and 
to Mean Blood Pressure 


Dependent Variable 
Independent e 


Variable UnaV (mM./min./m.?) BP (mm. Hg) 


b r b r 
Age (years)...| —.0016 | —.224 .59 .330* 
adjusted for 
BP:......| —.0032 | —.216 
PSP excretion 
lincses — .0005 | — .060 — .36 | —.150 
adjusted for 
BP:......| —.00386 | —.142 
Maximum 


concen- 


tration 

(S45..)... «:. 1.46 .029 | —117.88 | —.255 
adjusted for 

Rees 35. 8.49 .199 


b = coefficient of regression of dependent on inde 
pendent variable. 

r = coefficient of correlation. 
*= p > 0.05 that b or r = 0. 


To determine the influence of age and renal 
function on the response to sodium loading, 
these factors were compared with the sodium 
excretion rate during the first test period, in 
which differences in rate were most marked. 
No meaningful relations were found (table 4), 
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even when the influence of blood pressure on 
excretion rates was adjusted for by regression 
technies. 

Since blood pressure was significantly corre- 
lated with age (p = 0.03), although not with 
renal function in this subject group (table 4), 
the sodium and water excretion rates during 
the first test period were compared with blood 
pressure after any influence of age was adjusted 
for. This adjustment increased the extent 
cf the relationship previously established 
(table 3). 

A comparison of sodium excretion rates was 
also made between patients with and those 
without a previous history of congestive failure. 
‘Those patients who had experienced one or 
more episodes of failure excreted significantly 
less water and sodium under load at com- 
parable blood pressure levels in both the 
primarily hypertensive (p < 0.01) and pri- 
marily arteriosclerotic (p < 0.05) classifica- 
tions. 

The eosinophil counts during the control 
period averaged 157 cells per cubic millimeter. 
During the test period this value fell about 
25 per cent. The drop was not related to blood 
pressure differences. 


DiscUSSION 

The results show that patients given equiva- 
lent sodium#loads under the circumstances of 
these studies excreted water and sodium at 
rates which were significantly correlated with 
their approximate mean blood pressure during 
the test period. As a whole, our findings are 
consistent with the observations of Farnsworth 
and Barker relative to the reduced chloride 
reabsorption of hypertensive patients.'? The 
low magnitudes of the correlation coefficients 
and the degree of variability within the various 
blood pressure ranges indicate that factors 
other than blood pressure strongly modify the 
response of the individual patient. 

These findings are of interest in relation to 
the results of salt-selection and salt-loading 
studies in various forms of experimental hyper- 
tension. The chronically (but not the acutely) 
cesoxycorticosterone acetate- (DCA) treated 
hypertensive rat voluntarily chooses more 
‘ietary sodium than untreated controls®: *4 
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and excretes larger quantities of water and 
sodium, either under basal conditions or fol- 
lowing sodium and water loads.* In contrast, 
the renal hypertensive rat voluntarily restricts 
its salt intake.*? 5 The pattern of water and 
sodium excretion by human hypertensive pa- 
tients thus tends to resemble that of the chroni- 
cally desoxycorticosterone acetate-treated hy- 
pertensive animal. 

The absence of a correlation between water 
and sodium excretion rates of this group of 
human hypertensives and their renal function, 
as judged by phenolsulfenphthalein (PSP) 
excretion and maximum concentrating capac- 
ity, also suggests that primarily renal factors 
did not materially influence their response to 
loading. 


SUMMARY AND CONCLUSIONS 


Equivalent water and sodium loads amount- 
ing to 100 cc. per square meter of body surface 
area of a 5 per cent sodium chloride solution 
were administered intravenously to 45 human 
subjects, none of whom was in acute congestive 
failure at the time of study. 

The excretion of water and sodium over a 
three hour period was found to be significantly 
and directly related to the approximate mean 
blood pressure. The response to loading was 
not correlated with age, phenolsulfonphthalein 
excretion rate, or maximum concentrating 
capacity. Patients with a history of congestive 
failure exhibited significantly lower rates of 
excretion. 

The behavior of the human hypertensive 
patient in response to salt loading is similar 
to that of chronically desoxycorticosterone 
acetate-treated hypertensive animals. 
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Increased Urinary Urobilinogen Following 
Acute Myocardial Infarction 


By Joun M. Evans, M.D., OntyN H. Woop, M.D., AND ELEANoR M. Brew, B.A. 


A study was conducted of the serial urinary urobilinogen excretion in patients with acute myo- 
cardial infarction, using Watson’s semiquantitative method. Increased excretion was observed 
in some 90 per cent of the subjects with infarcts confirmed by the electrocardiogram and in more 
than half of the subjects where the electrocardiogram was not conclusive. The degree and duration 
of increased urinary urobilinogen had no apparent bearing upon prognosis. It is postulated that 
the altered urobilinogen excretion is induced by hepatic effects of the stress reaction incident to 


acute myocardial infarction. 


ATSON and associates! have pro- 

vided a simple and rapid method 

for the semiquantitative determina- 
tion of urine urobilinogen. In several of Wat- 
son’s reports'* he has indicated confirmation 
of Head’s observation that acute myocardial 
infarction is usually followed in from 36 to 72 
hours by the appearance of increased quanti- 
ties of urobilinogen in the urine. We have been 
unable to find any published data extending or 
verifying these observations. 

A. satisfactory explanation for the altered 
excretion of urobilinogen is not available. It 
has been suggested that the pattern may be 
due to a hepatotoxin elaborated in the in- 
farcted heart muscle, or to the vascular collapse 
and hypoxia associated with the acute myo- 
cardial infarction. It was deemed of interest to 
evaluate further the urinary excretion of uro- 
bilinogen in patients with proven or suspected 
myocardial infarction to determine its possible 
value in diagnosis or prognosis and to appraise 
the possible causative mechanisms. 


CLINICAL MATERIAL AND METHODS 


The subjects selected for study included 21 pa- 
tients with acute myocardial infarction confirmed 
by the appearance of the classic pattern of injury 
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and necrosis in the electrocardiogram, nine patients 
in whom acute myocardial infarction was suspected 
but not fully substantiated by the electrocardio- 
gram, and 20 individuals selected as controls in 
whom there was no reason to suspect myocardial 
infarction, pulmonary infarction or liver disease. An 
additional positive control group consisted of seven 
patients with liver disease proven by laboratory 
studies. A final group consisted of three patients in 
whom pulmonary infarction was demonstrated. A 
total of 450 urine urobilinogen determinations were 
carried out in the 60 subjects. The information 
describing the groups of subjects is summarized in 
table 1. 

As recommended! the urine specimen was col- 
lected over a two-hour period between 2:00 and 
4:00 p.m., the patient having voided and taken 200 
cc. of water by mouth at 2:00 p.m. The sample of 
urine was delivered to the laboratory promptly and 
analyzed by both Watson’s! and Brereton and 
Lucia’s! method, using the pontacyl standard in all 
instances. In most specimens higher values were 
obtained by the latter technic. However, since the 
former method has been more widely evaluated, the 
results reported herein are on the basis of this test 
(upper limit of normal, 1.0 Ehrlich unit). As has 
been indicated by others*’ the occurrence of a pink 
color in the blank interfered with the spectro- 
photometer* readings in some instances. This dif- 
ficulty was corrected by altering the sodium acetate 
solution in accordance with instructions from Dr. 
Watson.® In some subjects, attendant upon the 
critical situation of the patient, there was difficulty 
in obtaining the specimens during the first and 
second days of the illness. 


RESULTS AND COMMENT 


In 19 of the 21 patients with acute myo- 
cardial infarction confirmed by the electro- 
cardiogram, the urine urobilinogen exceeded 


* The Coleman Junior Model Spectrophotometer 
was used throughout. 
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1.0 Ehrlich unit at some time during the 
course of the illness. The highest percentage 
of positive results occurred on the third day 
after the attack and all specimens tested were 
negative by the twentieth day of the illness. 
The majority of the positive specimens ap- 
peared in the eight-day period after onset of 
the episode. When positive the level of uro- 
bilinogen often exceeded 2.0 units and ranged 
as high as 4.2 units (fig. 1). 

An attempt was made to correlate the in- 
creased excretion of urobilinogen with the oc- 
currence of shock, and with the presence or 
absence of cardiac decompensation. Of the 21 
patients with confirmed infarction the blood 


TABLE 1.—Subjects Studied and Number 
of Urobilinogen Tests 


; ; Total Average 
Diagnosis No. No. Test 
Tests Per Patient 


No. of 
Subjects 


Acute myocardial infare- 186 9.3 
tion 

Suspected myocardial in- 
farction 

Controls 119 

Liver disease 34 

Pulmonary infarction 34 


is 


pressure fell to shock levels in five, in seven 
there was moderate reduction in systolic and 
diastolic pressure without the appearance of 
the usual features of vascular collapse, and in 
nine there was no appreciable change in blood 
pressure. However, of this latter group, five 
of the patients were not admitted to the hos- 
pital until 48 hours or longer after the onset 
of the attack and an initial decline in blood 
pressure might well have been missed. Never- 
theless, none of the nine patients exhibited the 
signs or symptoms of shock while under ob- 
servation. Table 2 shows the data concerning 
urobilinogen excretion and the duration of 
positive tests in relation to the changes in 
blood pressure. 

Five of the patients with myocardial infare- 
tion also had congestive heart failure. Three of 
the five were admitted in acute pulmonary 
edema; one with massive peripheral edema, 
and one with minimal signs of left heart de- 
compensation. There was no apparent corre- 


lation between the presence of the heart failure 
and the appearance or duration of the increased 
urobilinogen excretion, although the number of 
patients with significant right heart failure was 
inadequate for proper evaluation of this factor. 

The occurrence of centrilobular hepa:ic 
necrosis following fatal myocardial infarction 
has been demonstrated at autopsy by Clark».‘ 
He reported the presence of circulatory collaj se 
in five of the nine patients examined and ;t- 
tributed the hepatic necrosis to the shock. The 
presence of hepatic changes of this nature 
would provide a reasonable explanation for the 
occurrence of a positive urobilinogen test. How- 
a he a 
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Fic. 1. The range and mean of serial urine uro- 
bilinogen excretion in 21 patients with confirmed 
acute myocardial infarction. 


ever, in this study, 9 of 21 patients with 
confirmed infarction showed no appreciable 
drop in blood pressure, yet eight of the nine 
patients had increased excretion of urobilino- 
gen. It is also apparent that urobilinogen values 
were normal in one patient who was in shock 
at admission. Of the few patients in the group 
subjected to the usual hepatic function tests, 
it was observed that there was no retention of 
bromsulfalein, no hyperbilirubinemia, and the 
cephalin flocculation and the thymol turbidity 
tests were within normal limits. 

Another observation of interest was the ap- 
pearance of a positive test during the first week 
of illness in three patients where the diagnostic 
electrocardiographic changes did not deve op 
until the second week of hospitalization. This 
suggests the possible value of the urobilinogen 
determination in patients where the us1al 
methods are unrewarding in the diagnosis of 
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myocardial infarction. It is also of note that 
the degree and duration of increased urobilino- 
en excretion had no apparent bearing on the 
outcome of the myocardial infarction. 

Of the nine patients listed in table 3 with 
sispected myocardial infarction, which was 
not confirmed by ‘‘the necrosis or injury pat- 
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confirmed by roentgenogram in three patients 
two of whom had also sustained an acute myo- 
cardial infarction. In all three patients the 
urine urobilinogen was markedly elevated, 
reaching 20 Ehrlich units in one instance. Two 
of the patients with pulmonary infarction were 
considered to be in shock at some period during 


tern” in the electrocardiogram, five exhibited the illness. In three additional instances of 


[aB_E 2.—Urine Urobilinogen as Related to Fall in Blood Pressure in 21 Patients with Infarction Confirmed 
by Electrocardiogram 


Patient Blood Pressuret Urine Urobilinogen* Ehrlich Units Duration of Positive Tests 


3.6 U, + on 4th day 
2.8 U, + on 2nd day 

| 0.9 U, negative 
.4U, + on 3rd day 
.4U, + on 6th day 


to 19th day 
to 18th day 
died 21st day 
died 9th day 
to 9th day 


Shock 


a 
4 


on 2nd day to 10th day 
on 3rd day to 3rd day 
on 3rd day to 5th day 
on 4th day to 4th day 
on 3rd day to 13th day 
on 5th day to 12th day 
on 38rd day to 8th day 


Nunes 
ey 
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Moderate fall 
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.6 U, + on 2nd day 


3rd day 
6th day 
10th day 
5th day 
9th day 
16th day 


No appreciable change 
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9th day 
2nd day 
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* Highest urobilinogen level attained and the day positive test appeared. 

+ Definition of blood pressure changes: 
Shock: systolic pressure under 100 mm. Hg in addition to the usual manifestations of circulatory collapse. 
Moderate fall: systolic pressure lower by 20 to 30 mm. Hg and diastolic pressure lower by 10 to 15 mm. Hg. 


ino- 
lues 
ock 
oup 
positive urobilinogen tests. The history of the 
n of attack, the laboratory findings, the course of 
the illuess, and the electrocardiograms were re- 
viewed in all nine patients in an attempt to 
coufirm or disprove the diagnosis of acute 
ip- myocardial infarction. It was felt that the 
“ek (@ da‘a were consistent with the initial diagnosis 
stie in patients number 2, 4, and 6; that an acute 


acute myocardial infarction, pulmonary infare- 
tion was suspected but not confirmed. How- 
ever, in none of the latter patients was it 
observed that the urobilinogen assumed higher 
levels or remained positive longer than in the 
uncomplicated cases of myocardial infarction. 
Twenty individuals were selected as con- 


sts, 


dity 


p Op 
[his 
wen 
s ial 
s of 


m:ocardial infarction had not been sustained 
in patients 7 and 8; and that the diagnosis re- 
m:ined questionable in patients 1, 3, 5, and 9. 
These data are summarized in table 3. 

The diagnosis of pulmonary infarction was 


trols. The group included three apparently 
healthy laboratory personnel and 17 patients; 
at least three samples were analyzed per sub- 
ject and the average number of determinations 
was 5.5. The descriptive information concern- 
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ing this control group was as follows: patient had Laennece’s cirrhosis in an inact: ye 


, ; phase of the disease. 
Cardiovascular disease... .. j casi alae dil Riatats Meieittaait 
Pulmonary fibrosis with emphysema heart. 2 vones and associates” have investigated 1°) 


Arteriosclerotic (acute left heart failure). 1 occurrence of impaired liver function in 


Rheumatic (no failure)... ; i: tients following anesthesia. It was noted t! 
Arteriosclerotie (no failure). ‘ 


the changes in liver function were essentia 
is Tr similar in comparing local anesthesia 
Chronic diseases ; i materia ew Sct ; ; ‘ a 
ai Ras ee general anesthesia. On this evidence it \ 
Cerebrovascular accident ; a 2 ; ; 
Dieeteliastintiin ; suggested that the liver impairment noted \ 1s 
due to the stress reaction incidental to | 
operative procedure. It is reasonable to posi 
late that similar factors are operative in 


Acute febrile illness... 
Rubella. .... 
Acute rheumatic fever... ; : i 
patient undergoing the severe emotional an 
Nonhospitalized normals (laboratory person- physical impact of an acute myocardial infare 
nel) tion. In support of the occurrence of the stre 


TABLE 3.—Pertinent Findings and Urobilinogen Excretion in Nine Patients with Suspected Myocardial Infareti 


Erythro- 


cyte ht 
Sedimen- oe aati Positive Temperature en , Myocardia 

tation Canmt en Urobilinogen Elevation Fall . Infarction 

Rate . 


Patient 


(mm. )t 


19 8,100 | A.P., precordial pain 10 10th and 11th 3rd day only) none questionable 
hours days 


16 18,600 | A.P., substernal pain sev-| absent intermittent | none probably 


eral hours to 15th present 


day 
11,800 | Acute pulmonary edema | 6th day only | Ist and 2nd 


; 
: 
' 
: 
i 
' 


slight | questionable 
day 
9,800 Two previous infarctions) 3rd and 9th | none none 


probably 
A.P. one week days 


present 
9,100  Precordial pain 11 hours | absent to 5th day none questionable 
10,250 Hypertension dyspnea 4th to 6th to 4th day none 
two days day 
igae aD. - 7,500 A.P., heart failure absent 12th to 


14th day 
. BR. : 6,700 <A.P., heart failure absent none 


probably 
present 
none absent 


none absent 
9. M: H. _ 4,800 Previous infarction, sub- | 2nd day only to 4th day 


none questionab | 
sternal pain two hours 


* Diagnostic impression after review of all available information. | Wintrobe method. 
A.P. = Angina Pectoris. 


In this group of subjects the urine uro- reaction is the observation’: '!° of eosinopel: 
bilinogen was elevated in only four specimens. during the first few days after the attack in th 
There was one elevation to 1.4 Ehrlich units majority of patients sustaining myocardial i- 
of 12 tests in a patient with a cerebrovascular farction. With serial, daily, direct counts t! 
accident; two elevations to 1.1 Ehrlich units level of eosinophils was found to increa 
of 12 tests in a patient with pulmonary fibrosis; gradually to normal figures. An essential 
and one elevation to 1.4 Ehriich units of five similar pattern of circulating eosinophils h: 
tests in a patient with rheumatoid arthritis. been reported to occur postoperatively." 

In the positive control group with established SUMMARY AND CONCLUSIONS 
liver disease all but one of the seven patients 1. Thirty selected patients with suspecte: 
had increased urine urobilinogen, and this acute myocardial infarction have been studie: 

















On 








: 


2 ADOT MIRNA PELE DSR ETT STEN 


EVANS, WOOD AND BREW 929 


with the serial, semiquantitative, urine uro- 
bilinogen determination. The test was positive 
in 19 of 21 patients in whom the diagnosis was 
‘confirmed by the electrocardiogram, and in 
five of nine patients in whom the ‘necrosis or 
njury” pattern was absent. Of these five pa- 
ients it was felt that three had sustained 
myocardial infarction in the absence of diag- 
iostic electrocardiographic changes. 

2. The highest percentage of positive tests 
wcurred on the second and third days after 
he attack; the majority of positive tests was 
‘onfined to the eight day period after the at- 
tack, 

3. There was no apparent correlation be- 
tween the occurrence of elevated urine uro- 
hilinogen levels and the presence of peripheral 
circulatory collapse or cardiac decompensation. 

4. It is postulated that the increase in urine 
urobilinogen is due to the impaired liver fune- 
tion induced by the stress reaction of the myo- 
cardial infarction. 

5. The determination of urine urobilinogen 
may have some value in confirming the diag- 
nosis of acute myocardial infarction in instances 
where other evidence is inconclusive; its value 
in prognosis is not apparent in this study. 


ACKNOWLEDGMENT 


The authors wish to acknowledge with gratitude 
the assistance and cooperation of Dr. Merrill F. 
Nelson. 


REFERENCES 


1Wartson, C. J., Scowartz, S., Sporov, V., AND 
Berti, E.: Studies of urobilinogen. V. A simple 
method for the quantitative recording of the 
Ehrlich reaction as carried out with urine and 
feces. Am. J. Clin. Path. 14: 605, 1944. 

2—: The pyrrol pigments with particular reference 
to normal and pathologie hemoglobin metabo- 
lism. In Downev’s Handbook of Hematology. 
New York, Hoeber, 1938. Vol. IV, p. 2447. 

3’—: The bile pigments. New England J. Med. 227: 
665, 705, 1942. 

4 BrRERETON, H. G., ano Lucta, 8. P.: Quantitative 
method for the determination of urobilinogen 
in stool and of urobilinogen and bilirubin in 
urine. Am. J. Clin. Path. 18: 887, 1948. 

> Watson, C. J.: Personal communication, 1950. 

§ CuarKE, W. T. W.: Centrilobular hepatic necrosis 
following cardiac infarction. Am. J. Path. 24: 
249, 1950. 

7Vorertin, W. L.: Possible source of error in 
quantitative determination of urobilinogen by 
Watson method. Am. J. Clin. Path. 18: 84, 
1948. 

8 FarrRuie, .C. W., Barss, T. P., Frencu, A. B., 
Jones, C. M., AND Beecuer, H. K.: Metabolic 
effects of anesthesia in man. IV. A comparison 
of the effects of certain anesthetic agents on 
the normal liver. New England J. Med. 244: 
615, 1951. 

9 Evans, J. M., Woop, O. H., anp WILMER, G. M.: 
Unpublished observations. 

10—ELLestaD, M. H., ann Reep, J.: Circulating 
eosinophiles in cardiovascular stress. Ann. Int. 
Med. 36: 551, 1952. 

1 RocHe, M., THorn, G. W., anp Huts, A. G.: 
The levels of circulating eosinophiles and their 
response to ACTH in surgery. New England J. 
Med. 242: 307, 1950. 






































CLINICAL PROGRESS 


Editor: HErRrmMan L. BLumeart, M.D. 


Associate Editor: A. Sronge FrREEpBERG, M.D. 











Diagnosis and Management of Common 
Malformations of the Heart 


By Heven B. Taussic, M.D. 


CCURATE diagnosis and the proper 
management of children with malfor- 
mations of the heart becomes increas- 

ingly important as more and more malfor- 
mations become amenable to surgery. Even 
patients who cannot be helped by surgery 
should be encouraged to lead useful lives. In 
many instances it is quite as much the doctor’s 
attitude as the malformation which makes an 
invalid out of the child. 
Fortunately a number of 
can be diagnosed with comparative 


malformations 
ase by 
simple clinical methods, without recourse to 
cardiac catheterization or angiocardiography. 
The latter procedures are useful adjuncts, but 
by themselves seldom give the correct answer. 
Furthermore, they are not innocuous proce- 
dures; therefore they should not be used 
routinely, but only to obtain specific informa- 
tion on some particular point. The purpose of 
this paper is to review the common malforma- 
tions of the heart which can be diagnosed 
clinically and to give the clinician a number of 
hints concerning the diagnosis and also some 
general principles concerning the management 
of these children. 


I: MALFORMATIONS OF THE HEART WHICH 
SHow No CyYANosis 


Patent Ductus Arteriosus 


Persistent patency of the ductus arteriosus 
is usually a relatively easy diagnosis. The 
From the Department of Pediatrics of the Johns 
Hopkins University, and the Cardiac Clinic of the 


Harriet Lane Home, Johns Hopkins Hospital, Balti- 
more, Md. 
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diagnosis is based on the occurrence of a con- 
tinuous murmur over the pulmonary area in a 
person who shows no cyanosis. The murmui 
may vary considerably in intensity, but usu- 
ally it has a systolic accentuation and the 
second sound is readily audible in the middle 
of the murmur. The electrocardiogram or- 
dinarily shows a balanced axis or a tendency 
to left ventricular hypertrophy. 

The x-ray commonly reveals fullness of the 
pulmonary conus and frequently there is evi- 
dence of slight left auricular enlargement. The 
size of the heart varies with the size of the due- 
tus. In general, the larger the ductus, the 
larger is the heart and the more pronounced 
are the hilar markings. A hilar dance is, how- 
ever, not common. The red blood cell count, 
the amount of available hemoglobin, and the 
hematocrit reading should be within normal 
limits. 

The occurrence of cyanosis or polycythemia 
is strongly against the diagnosis of patency 
of the ductus arteriosus; even if there is patency 
of the ductus, either of these findings is almost 
invariably a contraindication to the surgical 
closure of the ductus arteriosus. 

The fact that the continuous murmur seldom 
develops before 1 year of age and often not 
until the patient is 3 or 4 years of age, means 
that the diagnosis prior to this time is difficult. 
Fortunately in most instances the condition 
causes little or no disability. Therefore, in the 
vast majority of patients, early diagnosis is not 
necessary. 

Occasionally, however, a large patent ductus 
arteriosus may cause great difficulty in early 
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infancy.' Therefore an infant with great cardiac 
enlargement and evidence of excessive pul- 
monary blood flow who has a balanced electro- 
-ardiogram and has only a systolic murmur or 
both a systolic murmur and a mid-diastolic 
murmur but no continuous murmur, should be 
sent to a specialist for study. 

When patency of the ductus arteriosus occurs 
as an isolated malformation, either ligation or 
division of the ductus arteriosus restores the 
heart to normal.?:* Even if there is an addi- 
tional malformation, provided there is no 
cyanosis and the oxygen saturation of the 
arterial blood is normal, in almost every in- 
stance closure of the ductus arteriosus lessens 
the strain on the heart. 

The ideal age for operation is between 4 and 
6 years; nevertheless, an infant or an adult in 
heart failure may be greatly benefited by 
operation. 


Coarctation of the Aorta 


Coarctation of the aorta is usually easy to 
diagnose. The diagnosis is based upon the find- 
ing of a strong pulse in the upper extremities 
combined with a weak or absent pulse in the 
lower extremities. This finding should always 
suggest the possibility of a coarctation of the 
aorta, and should lead to the search for evi- 
dence of collateral circulation. Pulsating vessels 
are frequently palpable in the interscapular 
region. The occurrence of a systoli¢e murmur 
in this area which is not audible over the pre- 
cordium is a relatively common finding in a 
coarctation of the aorta. 

The most characteristic of all signs is notch- 
ing of the ribs. Notching of the ribs may be 
seen as early as 3 years of age, but it is usually 
not apparent until 12 or 14 years of age. Its 
occurrence in adults is the rule. Indeed ab- 
sence of notching of the ribs in an adult who has 
clinical evidence of coarctation of the aorta 
should always suggest the possibility of coare- 
tation of the abdominal aorta. Under such 
circumstances either angiocardiography or aor- 
tography is indicated to determine the loca- 
tion of the constriction. If aortography is at- 
tempted, 35 per cent Diodrast should be used, 
as the injection of 70 per cent Diodrast directly 


into the aorta is an extremely dangerous pro- 
cedure. 

When coarctation of the aorta occurs prox- 
imal to the entrance of the ductus arteriosus, 
the low pressure in the descending aorta causes 
the blood to flow from the pulmonary artery 
to the descending aorta. Unless the ductus 
arteriosus undergoes prompt obliteration the 
infant may develop severe right-sided heart 
failure. If such an infant fails to respond to di- 
gitalis therapy, early operation is indicated. 

Coarctation of the aorta may occur in 
combination with other anomalies. The occur- 
rence of an additional malformation, especially 
that of aortic insufficiency, is usually an added 
indication for operation. 

Coarctation of the aorta is another malfor- 
mation in which operation may restore the 
heart and circulation to normal.*~* Further- 
more there is strong evidence that arterioscler- 
otic changes begin at an earlier age in a patient 
with hypertension than in the normal indi- 
vidual. This means that operation is easier 
and more likely to be successful in children 
than in adults. 

The author does not, however, believe that 
surgery is indicated for every patient with a 
coarctation of the aorta. Early operation is 
indicated if the child has symptoms referable 
to the malformation, if he has marked hyper- 
tension or if he has electrocardiographic evi- 
dence of left ventricular strain. The optimum 
time for operation is between 4 and 10 or 12 
years of age. If, however, the patient is asymp- 
tomatic and has a normal bood pressure and 
the condition is picked up upon routine exam- 
ination, he can well afford to wait until the sur- 
gical technic has been still further _ per- 
fected. 


Vascular Ring 


A vascular ring which encircles the trachea 
and esophagus may result from the persistence 
of both the right and left aortic arches which 
unite posteriorly to form the descending aorta, 
or it may be formed by the combination of a 
right aortic arch and left descending aorta 
when the ductus arteriosus or a strand thereof 
persists in its normal position and extends from 
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the pulmonary artery to the descending aorta 
on the left side. In the majority of instances, a 
vascular ring occurs as an isolated anomaly. 

Stridor is the outstanding symptom.’ It is 
usually present from birth. Dysphagia is com- 
mon and not infrequently the infant develops 
attacks of dyspnea during which he may be- 
come deeply cyanotic. These symptoms may be 
alleviated by hyperextension of the head and 
neck. 

The combination of respiratory difficulty and 
difficulty in feeding, with the consequent 
failure to gain, render these infants very sus- 
ceptible to tracheitis, bronchitis, and pneu- 
monia. 

The condition can usually be readily diag- 
nosed by x-ray or fluoroscopic examination. 
marked 
anterior displacement of the esophagus at the 


The retroesophageal aorta causes 
level of the aortic arch. A vascular ring which 
results from a double aortic arch commonly 
causes bilateral compression of the trachea 
and esophagus. The diagnosis may be es- 
tablished by a tracheogram.® Delineation of 
the esophagus by a radio-opaque material in 
the lateral or oblique position usually suffices. 
If barium is given, the mixture should be ex- 
tremely thin, because the dysphagia may pre- 
cipitate an attack of dyspnea. If the infant 
has difficulty in swallowing, Lipiodol should be 
used, as aspiration of the Lipiodol does no 
harm. 

The difficulty caused by a vascular ring can 
be greatly helped by operation.’ The division 
of the smaller segment abolishes the ring. 
Such an operation should cure the condition. 
Unfortunately, however, the trachea may be 
permanently constricted or the adhesions to 
the surrounding tissues may be such that the 
division of the vascular ring does not relieve 
the obstruction. The improvement is greater 
if the tissues of the anterior mediastinum are 
pulled up and sutured to the sternum.!® Even 
though operation is not always successful, 
if the baby is having attacks of dyspnea and 
cyanosis, operation is urgently indicated. On 
the other hand, when the patient is asympto- 
matic and the condition is picked up on rou- 
tine examination, operation is not indicated. 


Auricular Septal Defect and the Lutembach« 
Syndrome 


Auricular septal defects and the Lutem 
bacher syndrome are malformations which ca) 
be diagnosed with relative ease and accuracy 
When a gross defect in the auricular septur 
occurs in combination with great dilatation ¢ 
the pulmonary artery and congenital or ac 
quired mitral stenosis, the condition const 
tutes a Lutembacher syndrome. Both mal 
formations lead to great right-sided cardia: 
enlargement which causes — left 
sided chest deformity. The patient often show 
the frail build of the gracile habitus. The shun 


frequently 


is overwhelmingly left-to-right, and anything 
which increases the strain on the left side oi 
the heart increases the volume of the shunt 

Inasmuch as the shunt is from left to right, 
there is no clubbing and no_ polycythemia: 
there may, however, be minimal cyanosis of 
the tips of the fingers and toes. The heart 
becomes tremendously enlarged both to the 
right and to the left. The apex beat is dis- 
placed down and out. A harsh basal systolic 
murmur with a snapping, reduplicated second 
sound over the pulmonary area is the rule. 
In addition there is usually both a systolic 
murmur and a low-pitched mid-diastolic mur- 
mur at the apex. 

The electrocardiogram shows slight right 
axis deviation and widening of the QRS com- 
plex; the precordial leads generally show evi- 
dence of a right bundle branch block or the 
pattern of right ventricular strain. 

The x-ray contour shows great right-sided 
cardiac enlargement and a small aortic knob; 
even in the presence of mitral stenosis there is 
seldom evidence of left auricular enlargement." 
In cases of a Lutembacher syndrome, there is, 
in addition, enormous dilatation of the pul- 
monary artery and a conspicuous hilar dance. 

These patients frequently suffer from re- 
peated attacks of bronchitis and pneumonia. 
In addition they are very susceptible to rheu- 
matic fever and to all sorts of cardiac arrhyth- 
mias. The use of prophylactic chemotherapy 
or antibiotics lessens the frequency of respira- 
tory infections and rheumatic fever. Digitalis 
and other measures mav help to control the 
arrhythmias 
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Closure of auricular defects is being at- 
tempted but has not yet been accomplished 
with sufficient suecess and a sufficiently low 
mortality rate to justify operation unless the 
patient is suffering from severe and intractable 
heart failure. 

Most of these patients, in spite of the great 
cardiac enlargement, do well. The malforma- 
tion causes remarkably little difficulty during 
pregnancy. Therefore sterilization or interrup- 
tion of pregnancy is seldom justified. In most 
instances, relative longevity is the rule. 


Ventricular Septal Defect 


Ventricular septal defect, or maladie de 
toger, is the probable diagnosis in a patient 
with a heart of normal size and no limitation 
of activity, who has a harsh systolic murmur 
and thrill maximal in the midsternal region. 
The murmur radiates in all directions and may 
be heard posteriorly. X-ray shows the heart to 
be of normal size and shape. A normal electro- 
cardiogram is the rule. 

Most of these patients are asymptomatic and 
require no treatment except for the general 
prophylactic measures which are indicated 
for all patients with malformations of the 
heart (see section ITI). 


Il: MALFoRMATIONS WHICH CAUSE: 
PERSISTENT CYANOSIS 

Cyanosis is the bluish tinge to the skin which 
results from the presence of reduced hemo- 
globin in the circulating blood. Cyanosis may, 
however, be due to increased deoxygenation 
of the blood in the peripheral tissues; under 
such circumstances the oxygen saturation of 
the arterial blood is normal. When cyanosis is 
due to a venous-arterial shunt the oxygen sat- 
uration of the arterial blood is reduced. In 
almost every such instance the degree of oxy- 
gen unsaturation increases still further with 
exercise. Therefore, when in doubt concerning 
the occurrence or significance of cyanosis, the 
effect of exercise should be tested. In a patient 
with a venous-arterial shunt the inhalation of 
oxygen may increase the oxygen saturation of 
the arterial blood, but usually it will not raise 
it to normal. In contrast to this, when cyanosis 
is due to inability to oxygenate the blood in the 
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lungs, as in cases of cor pulmonale, the in- 
halation of oxygen causes prompt disappear- 
ance of the cyanosis and the arterial oxygen 
saturation rises to normal. 

Persistent oxygen unsaturation of the arterial 
blood leads to polycythemia, which renders 
the cyanosis more readily apparent. The low 
arterial oxygen saturation and the polycythe- 
mia cause clubbing of the extremities. 

Broadly speaking, malformations which 
‘ause persistent cyanosis place a strain on the 
right side of the heart. Either the aorta arises 
in part or completely from the right ventricle, 
or the malformation places a strain on the 
right side of the heart of such a nature that 
venous blood is shunted into the systemic cir- 
culation through the foramen ovale, or there 
is underdevelopment of the left side of the 
heart as in aortic atresia or marked hypoplasia 
of the aorta and the systemic circulation is 
maintained by the right ventricle through the 
ductus arteriosus. 

The age at which cyanosis becomes apparent 
offers a clue to the diagnosis. Cyanosis which 
is present in early infancy is generally due to 
the direct shunting of venous blood into the 
systemic circulation. The commonest malfor- 
mations in this group are complete transposi- 
tion of the great vessels and pulmonary steno- 
sis or atresia. Cyanosis which becomes apparent 
in early childhood, that is, between 2 and 6 or 
7 years of age, is usually due to a venous- 
arterial shunt from right auricle to left auricle 
through the foramen ovale. In such instances 
the valve of the foramen ovale has been forced 
open by the high pressure in the right auricle, 
as for example valvular pulmonary stenosis 
with an intact ventricular septum or Ebstein’s 
disease. Cyanosis which develops at or shortly 
after puberty is usually with 
pulmonary hypertension, as for example, an 


associated 


Eisenmenger complex or a cor pulmonale. 
Pulmonary hypertension may, however, occur 
in infants and young children. If pulmonary 
hypertension occurs early or is secondary to a 
malformation of the left side of the heart, 
either the ductus arteriosus or the foramen 
ovale may remain patent and thereby a right- 
to-left shunt is established. 

In malformations which cause persistent 
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cyanosis, x-ray and fluoroscopic findings are 
usually of diagnostic aid, especially as regards 
the size and position of the pulmonary artery 
and the volume of the pulmonary blood flow. 

The term ‘‘pulmonary conus”’ has been used 
to connote both the ‘main segment of the 
pulmonary artery” and the “infundibular 
region” or the “outflow tract” of the right 
ventricle. The term ‘“‘pulmonary conus’? means 
the first convexity in the cardiac shadow to 
the left of the sternum below the shadow of 
the aortic knob. Recent studies with Diodrast 
have shown that this shadow is usually cast 
by the main pulmonary artery as it arises from 
the right When the pulmonary 
artery is large and normally placed, the 
pulmonary conus is full. A concave curve at the 
base of the heart to the left of the sternum in 
a patient with persistent cyanosis occurs when 
the pulmonary artery is diminutive, absent, or 
misplaced. 

The volume of the pulmonary blood flow can 
be estimated by the vascularity of the lung 
fields. In patients with pulmonary stenosis or 
atresia, the lung fields are excessively clear. 
In contrast to this, large blotchy shadows which 
radiate from the hilar regions to the lungs are 
indicative of large pulmonary vessels and ex- 
cessive pulmonary blood flow. Pulsations in 
the hilar shadows vary both with the size of 
the pulmonary arteries and with the pressure 


ventricle. 


within these vessels. 

When conspicuous hilar shadows are com- 
bined with a concave curve at the base of the 
heart to the left of the sternum, it means a 
large posteriorly placed pulmonary artery, 
that is, a complete transposition of the great 
vessels and a dilated pulmonary artery. This 
condition may occur with two ventricles or 
when there is only a single ventricle. 


The Tetralogy of Fallot 


The tetralogy of Fallot consists of pulmonary 
stenosis or atresia, combined with dextroposi- 
tion of the aorta, a high ventricular septal 
defect, and right ventricular hypertrophy. As 
in almost all malformations of the heart, the 
severity of the abnormality is subject to wide 
variation. Thus the pulmonary stenosis may be 
so extreme that the pulmonary orifice is atretic; 





in other instances the pulmonary stenosis i: 
slight and the condition may be compatibl 
with life for a number of years. 

Cyanosis may be present at birth. Frequent], 
the cyanosis does not become apparent unti 
3 to 6 months of age, and it may not be ap 
preciated until the infant starts to walk. Mam 
infants with severe degrees of pulmonary 
stenosis suffer from attacks of paroxysma 
dyspnea which may progress to loss of con 
sciousness. For such infants the most critica 
period is from 6 to 18 months of age. From 1s 
months to 2 years of age, the infant generally, 
holds his own, and thereafter he starts t: 
improve. 

Clubbing develops in early childhood and 
becomes progressively more pronounced. The 
red blood cell count, the amount of available 
hemoglobin, and the hematocrit reading are 
increased. The oxygen saturation of the ar- 
terial blood is reduced and falls still further 
with exercise. 
age. Eventually the patient is handicapped 
not only by the reduction of the arterial oxygen 
saturation but also by the increased viscosity 
of the blood. 

The heart is but slightly if at all enlarged. A 
basal systolic murmur and thrill are the rule. 
The second sound at the base of the heart to 
the left of the sternum is weak or absent; it 
is never reduplicated. The electrocardiogram 


Polycythemia increases with 


shows right axis deviation and right ventric- 
ular hypertrophy. The x-ray shows a concave 
curve to the left of the sternum and diminished 
hilar markings; the aorta may arch to the 
right or to the left; the pulmonary window 
is clear. Arm-to-tongue circulation time is short. 

In a tetralogy of Fallot, the more intense the 
cyanosis, the greater is the patient’s incapacity, 
and the fainter is the murmur. A very cyanotic 
patient may have no murmur, but if there is 
a minimal cyanosis and no murmur it is not a 
tetralogy of Fallot. There may, however, b¢ 
a loud systolic murmur, minimal cyanosis, a 
virtually normal red blood cell count, and yet 
the child may suffer from a rapid drop in the 
arterial oxygen saturation with exercise, and 
consequently may be extremely incapacitated. 
Such children may be able to walk only a few 
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feet or stand only for a few minutes before 
they have to squat. 

These children, as well as those who show 
cyanosis and polycythemia, can be greatly 
helped by operation. The optimum time for 
operation is between 8 and 14 years. Any opera- 
tion which increases the circulation to the lungs 
will be of benefit. A Blalock anastomosis” 
gives excellent results, both immediate and 
long time.'* A Pott’s procedure" also gives good 
results. 


Tricuspid Atresia 

Tricuspid atresia may occur in combination 
with a variety of malformations. The most 
common of these is defective development. of 
the right ventricle and pulmonary stenosis. 
This malformation closely resembles that of a 
tetralogy of Fallot except that the electro- 
cardiogram shows a left axis deviation and 
left ventricular hypertrophy. When the tri- 
cuspid valve is atretic, the blood cannot leave 
the right auricle in the normal manner. It 
must escape through an opening in the auric- 
ular septum to the left auricle. When this 
opening is small and difficulty is encountered 
in the expulsion of blood from the right 
auricle, the auricular contractions are trans- 
mitted to the liver and these pulsations are 
palpable at its margin. 

When tricuspid atresia is associated with 
pulmonary stenosis or atresia, the manage- 
ment and treatment are the same as for a 
tetralogy of Fallot. Nevertheless, owing to the 
variety of associated anomalies, operation may 
lead to progressive cardiac enlargement and 
cardiac failure. The over-all mortality rate is 
nearly twice as high as for a tetralogy of Fallot. 
Consequently only the seriously incapacitated 
patient should be recommended for surgery. 


Pure Pulmonary Stenosis 


Pure pulmonary stenosis, pulmonary val- 
vular stenosis with an intact ventricular sep- 
tum, can usually be diagnosed by simple 
clinical studies.!®»'® The diagnosis is based 
upon the finding of a harsh systolic murmur 
and thrill over the pulmonary area, combined 
with a weak or absent pulmonic second sound 
and electrocardiographic evidence of a marked 


right axis deviation and either right ventric- 
ular hypertrophy or a right bundle branch 
block. The size of the heart and the degree of 
dyspnea vary with the severity of the pulmo- 
nary stenosis. The obstruction at the pulmonary 
orifice causes difficulty in the ejection of blood 
from the right ventricle and increases the work 
required of this chamber. The pressure within 
the right ventricle gradually rises. There re- 
sults right ventricular hypertrophy. 

If the pulmonary stenosis is severe, the heart 
becomes greatly enlarged. The pulmonary 
artery distal to the stenosis becomes dilated 
and its main branches are large and conspicu- 
ous; nevertheless the pulsations within these 
vessels are minimal or absent. Sooner or later 
the increased pressure in the right ventricle 
renders it difficult for the right auricle toempty 
itself. The right auricle undergoes dilatation 
and hypertrophy. Not infrequently the force- 
ful contractions of the right auricle cause the 
auricular pulsations to be palpable at the 
margin of the liver. 

The presence or absence of cyanosis depends 
upon whether or not the foramen ovale is com- 
pletely sealed. If the foramen ovale is com- 
pletely sealed, there is no cyanosis. If, however, 
there is probe patency of the foramen ovale, the 
high pressure in the right auricle will force the 
valve covering the foramen ovale to open and a 
right-to-left shunt will be established. Although 
cyanosis of this origin may be present at birth, 
it usually develops insidiously and becomes 
manifest between 2 and 6 years of age. 

The pulmonary stenosis prevents the normal 
increase in the pulmonary blood flow with 
exercise, and thus causes dyspnea on exertion. 
If the stenosis is extreme, the condition leads 
to progressive cardiac enlargement and even- 
tually to severe right-sided cardiac failure with 
edema and ascites. As long as the heart is 
able to compensate for the increased work de- 
manded of it, the patient remains asympto- 
matic. This means that cardiac enlargement 
precedes symptoms. For this reason patients 
suspected of this abnormality should be fol- 
lowed carefully for evidence of increase in 
heart size. 

If the heart is normal in size and the patient 
is asymptomatic and the pressure within the 
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right ventricle is but slightly increased, opera- 
tion is not indicated. If, however, the pressure 
in the right ventricle is higher than the sys- 
temic pressure, or if there is evidence of pro- 
operation is 


cardiac enlargement, 


indicated. The occurrence of cyanosis is also 


gressive 


an indication for operation. 


Valvulotomy'—'’ relieves the pulmonary 
stenosis. Usually the valve is so fibrotic that 
cutting the valve does not cause it to become 
Although 


and thrill generally persist after operation, in 


insufficient. the systolic murmur 
most instances the cyanosis completely dis- 


appears and the oxygen saturation of the 
arterial blood rises to normal and the patient’s 


exercise tolerance is greatly increased. 


The Eisenmenger Complex 


The Eisenmenger complex consists of dex- 
troposition of the aorta combined with a 
normally placed pulmonary artery which is of 
normal size or greatly dilated. The dextro- 
position of the aorta means that there is a 
high ventricular septal defect. 

The difficulty caused by this malformation 
during infancy is due to excessive pulmonary 
blood flow. A number of infants die of cardiac 
failure. Those who survive, generally improve 
during childhood. Cyanosis is absent until 
arly adult life. Thereafter 
there is a progressive increase in the signs 


late childhood or 


and symptoms. In the late stages, hemoptyses 
are relatively common. 

Examination of the heart shows slight car- 
diac enlargement. Usually there is a systolic 
murmur and there may be an early diastolic 
murmur. The x-ray shows fullness of the pul- 
monary conus, a prominent pulmonary artery 
and a hilar dance. The electrocardiogram usu- 
ally shows a right axis deviation and right 
ventricular hypertrophy. Cardiac catheteriza- 
tion shows a high pressure in the right ven- 
tricle and evidence of pulmonary hyperten- 
sion. The pressure in the pulmonary artery is 
approximately the same as that in the systemic 
circulation. The oxygen content of the blood 
in the pulmonary artery is higher than that 
in the right auricle and that in the right ven- 
tricle, and the oxygen saturation of the ar- 
terial blood is reduced. The malformation at the 
present time (1952) is not amenable to surgery. 
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The Taussig-Bing Malformation 


20 


The Taussig-Bing malformation?® is a trans 
posed aorta combined with a pulmonary ai 
tery which arises mainly from the right ven 
tricle but partially over-rides the ventricula 
septum and thereby readily receives bloo 
from both ventricles. 

Patients with this malformation are cyanoti 
from birth; nevertheless, these infants do no 
suffer from paroxysmal dyspnea; children wit! 
this malformation are moderately incapaci 
tated but seldom squat when tired. 

The heart is but slightly enlarged. Usuall 
there is a soft systolic murmur. The second 
sound at the base is generally accentuated 
and frequently reduplicated. The x-ray re 
veals fullness of the pulmonary conus and in- 
creased hilar shadows which frequently show 
expansile pulsations. The electrocardiogram 
shows a right axis deviation and evidence of 
right ventricular hypertrophy. 

The findings on cardiac catheterization are 
closely similar to those of an Eisenmenger 
complex. Indeed, the oxygen saturation of the 
blood in the pulmonary artery is higher than 
that in the aorta. It is frequently possible to 
catheterize the aorta and pulmonary artery 
with equal ease. The outstanding difference 
between this malformation and an Eisenmenger 
complex is that the cyanosis dates from birth. 

Patients with this malformation may be 
slightly benefited by the creation of an auric- 
ular septal defect. Such an operation generally 
child’s tolerance but 
seldom causes a significant decrease in the 
red blood cell count, the amount of available 


increases the exercise 


hemoglobin, or in the hematocrit reading. 


Complete Transposition of the Great Vessels 


Complete transposition of the great vessels 
means that the aorta arises from the right 
ventricle and the pulmonary artery from th 
left ventricle. Usually both great vessels aré 
of normal size. The pulmonary artery, how- 
ever, may be greatly dilated or it may be ste- 
notic. 

Although cyanosis may not be present at 
birth, it is always manifest at an early age 
and becomes progressively more intense. The 
infant breathes rapidly and may suffer from 
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episodes of loss of consciousness. Attacks of 
paroxysmal dyspnea are, however, rare. 

A systolic murmur is usually audible, and 
a gallop rhythm frequently develops. There 
is engorgement of the liver and congestion 
in the lungs. In early infancy while the ductus 
remains patent, some of the oxygenated blood 
which is pumped from the left ventricle into 
the pulmonary artery flows through the ductus 
arteriosus to the lower extremities; hence the 
head and upper extremities are more cyanotic 
than are the feet and lower extremities. 

The x-ray usually reveals that the heart is 
enlarged both to the right and to the left. 
In the anterior-posterior view the shadow 
‘ast by the great vessels is narrow and there 
is a concave curve at the base of the heart 
to the left of the sternum; in addition the 
vascular markings are increased and extend 
far into the lung fields. 

The electrocardiogram usually shows right 
axis deviation and right ventricular hyper- 
trophy. A left axis deviation may occur when 
a complete transposition of the great vessels 
is combined with tricuspid atresia. 

The malformation usually leads to progres- 
sive cardiac enlargement with engorgement 
of the liver and congestion in the lungs. Death 
generally occurs at an early age. Occasionally 
a circulatory balance is established and the 
heart ceases to enlarge. Under such circum- 
stances the condition may be compatible with 
life for a number of years. 

The malformation causes marked stunting 
of growth. The child is usually severely in- 
‘apacitated, and commonly squats when tired. 

As the child grows and the diaphragm 
descends, the contour of the heart comes to 
resemble that of a tetralogy of Fallot. The 
x-ray, however, always reveals slight cardiac 
enlargement and the hilar markings are more 
pronounced than in a tetralogy of Fallot. 
Many blood vessels are viewed on end and the 
vascular markings nearly to the 
periphery of the lungs. 

When the pulmonary artery is greatly 
dilated, there are large blotchy vascular 
shadows in both hilar regions, which upon 
fluoroscopy usually show expansile pulsations. 

When the pulmonary artery is stenosed, the 
condition may be extremely difficult to differ- 


extend 





entiate from a tetralogy of Fallot unless the 
aorta is grossly misplaced. If the aorta arises 
from the normal outflow tract of the right 
ventricle and arches boldly to the left, the 
prominent are to the left of the sternum in 
the region of the normal pulmonary artery 
combined with excessively clear lung fields 
seen upon x-ray or fluoroscopy, offers the 
clue to the correct diagnosis. 

A complete transposition of the great vessels 
combined with pulmonary stenosis, may be 
helped by Dr. Blalock’s double procedure! 
systemic-pulmonary artery anastomosis and 
the creation of an auricular septal defect. 


Truncus Arteriosus 


Truncus arteriosus means that there is but 
a single great vessel which receives the blood 
from both ventricles and directs the blood to 
the body and to the lungs. The condition is 
termed a “true” truncus arteriosus when the 
pulmonary arteries arise directly from the 
base of the common trunk or when there is 
but a single great vessel and no remnant of 
the pulmonary artery is found. When, how- 
ever, any remnant of the pulmonary artery 
is found the condition is termed a “pseudo” 
truncus arteriosus. 

Persons with this malformation show vary- 
ing degrees of cyanosis and incapacity. The 
cyanosis and incapacity vary inversely with 
the adequacy of the pulmonary blood flow. 
Broadly speaking, the incapacity is less than 
in other malformations with the corresponding 
degree of cyanosis. These infants seldom suffer 
from paroxysmal dyspnea. Many children with 
moderate cyanosis can walk long distances at 
a slow pace; they do not squat when tired. 

On physical examination the distinctive 
findings are a continuous murmur over the 
lungs and persistent cyanosis. The continuous 
murmur is not unlike that produced by a 
patent ductus arteriosus; it varies considerably 
with respiration, and is best heard when the 
breath is held at the end of inspiration. The 
intensity of the murmur is inversely propor- 
tional to the intensity of the cyanosis. When 
cyanosis is minimal, the murmur is loud and 
is usually widely transmitted throughout the 
lungs both front and back. The murmur may 
be audible only on one side. When it is maximal 
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over the pulmonary area, the malformation 
may be mistaken for that of a patent ductus 
arteriosus. In contrast to the murmur of a 
patent ductus arteriosus, this murmur seldom 
produces a thrill. When a thrill is present, it 
is widely transmitted and is usually readily 
palpable in the axilla or over the back. 

In most instances the murmur is not very 
loud and cyanosis is moderately severe. Under 
such circumstances the murmur is frequently 
confined to a relatively small area, front, back 
or in the axilla. The location of the murmur 
depends upon the location and course of the 
vessels of the collateral circulation. The inten- 
sity of the murmur varies with the volume of 
blood coursing through these vessels. When 
cyanosis is intense and the pulmonary blood 
flow is minimal, there may be no murmur. 

X-ray and fluoroscopic examination are 
frequently of aid in diagnosis. The heart is 
slightly to moderately enlarged and there is 
absence of fullness of the pulmonary conus. 
The large truncus arteriosus arches either to 
the right or to the left at an abnormally high 
level. The shadows cast by the pulmonary 
arteries are usually replaced by fine vascular 
markings which radiate from the hilar regions. 
In addition, delineation of the esophagus with 
barium in one or both oblique views may reveal 
the presence of retroesophageal vessels; in rare 
instances the esophagus is caught between 
vessels of the collateral circulation and dis- 
placed in a bizarre manner. 

When the pulmonary blood flow is relatively 
adequate, there is no need for operation and 
no benefit can be derived therefrom. When 
the pulmonary blood flow is markedly reduced, 
these patients may be greatly helped by a 
Blalock-Taussig operation, provided there is a 
rudimentary pulmonary artery which is capable 
of conducting blood to the lungs. Those pa- 
tients in whom the operation has been success- 
fully performed have been greatly benefited. 
The over-all mortality rate, however, has been 
25 per cent. 


Pulmonary Hypertension and Persistent Patency 
of the Ductus Arteriosus (Reversed Ductus) 


The occurrence of pulmonary hypertension 
combined with persistent patency of the ductus 
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arteriosus causes a characteristic clinical syn 
drome.” The condition is frequently asso 
ciated with malformations of the left side « 
the heart such as underdevelopment of th 
left ventricle, mitral stenosis, marked hyp 
plasia of the ascending aorta or extreme coar 
tation of the aorta. Whenever the pressure i 
the pulmonary artery is higher than that i 
the descending aorta, blood will flow from th 
pulmonary artery to the descending aorta 
Consequently the feet will be more cyanoti: 
than the hands. Frequently some blood fron 
the pulmonary artery is forced back into th: 
ascending aorta. Under such circumstances th: 
left hand will be more cyanotic than the right 

The malformation places a strain on thx 
right side of the heart. The electrocardiogram 
shows right axis deviation and evidence of 
right ventricular hypertrophy. The pulmonary 
valves frequently become insufficient as evi- 
denced by a high-pitched, blowing diastolic 
murmur along the left sternal border. The 
difference in cyanosis between the upper and 
lower extremities offers the clue to the diag- 
nosis. This can be confirmed by the simultane- 
ous determination of oxygen content in the 
right brachial and femoral arteries. The oxygen 
content of the sample of blood from the right 
brachial artery will be normal and that from 
the femoral artery will be virtually the same 
as that of the pulmonary artery. Upon cardiac 
‘atheterization the pressure in the pulmonary 
artery will be elevated and it is usually possible 
to catheterize the descending aorta through the 
ductus arteriosus. Angiocardiogram will show 
simultaneous visualization of the descending 
aorta and the branches of the pulmonary 
artery. 

Ligation of the ductus is generally contrain- 
dicated because of the extreme pulmonary 
hypertension and the left-sided heart lesio: 


Dextrocardia without Situs Inversus and Situ 
Inversus with Levocardia 

Dextrocardia without situs inversus an 
situs inversus with levocardia are usuall: 
extremely complicated malformations. A sing]: 
ventricle is relatively common with dextrocai 
dia. Anomalies of venous return are commo! 
when situs inversus is combined with levocai 
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lia. Although the malformation is seldom as 
simple as it appears to be, patients with these 
momalies who show intense cyanosis, clear 
ung fields, and no hilar pulsations, may be 
ielped by surgery. 


Ill: GeneraL Ruues in REGARD TO 
MANAGEMENT OF PATIENTS WITH 
MALFORMATIONS OF THE HEART 

1. Do not give a hopeless prognosis. Most 
of these children do better than the doctor 
anticipates. A poor prognosis not only increases 
the mother’s anxiety but is likely to create a 
serious behavior problem in the child. Gener- 
ally it is wise to tell the child he has a heart 
murmur but not to make an issue of it. 

2. Allow the child to lead as normal and as 
active a life as is humanly possible. We all 
gain strength by using it. Moreover, almost 
every child with a malformation of the heart 
limits his own activity; there is seldom need 
for the doctor or for the parent to do so. 

3. Urge the parents not to spoil the child. 
Warn the parents that the child may have to 
ask favors from his friends. The less the chiid 
is spoiled, and the better he is liked by his 
fellow playmates, the happier his life will be. 

4. Immunization should be given at the 
usual time. 

5. Prophylactic penicillin or some other anti- 
biotic should always be given prior to dental 
extraction or tonsillectomy. The dosage recom- 
mended by the Council on Rheumatic Fever 
of the American Heart Association in 1952 is 
as follows: 400,000 units of crystalline peni- 
cillin G one-half hour prior to extraction; for 
the following three days the patient should 
receive either a daily dose of 400,000 units of 
slow-acting penicillin intramuscularly, or 400,- 
000 units of oral penicillin three times daily 
one-half hour before meals. 

6. Education is important. Whenever pos- 
sible send the child to a regular school. 

7. Death may result from anoxemia or occa- 
sionally from cardiac failure, subacute bac- 
terial endocarditis, or brain abscess; but the 
usual childhood diseases or the ordinary inter- 
current illnesses are generally well tolerated. 
Common colds and even pneumonia are seldom 
fatal. 


8. Subacute bacterial endocarditis is now a 
curable disease. At the present time eight weeks 
of intensive antibiotic therapy is 
mended. Whenever possible, the diagnosis 
should be established before treatment is 
started. 

9. German measles in the first trimester of 
pregnancy is associated with a high incidence 
of congenital malformations of the heart, 
congenital cataracts and microcephaly in the 
offspring. The cardiac abnormality is the least 
serious of these three complications. The resul- 
tant malformation is frequently a patent ductus 
arteriosus. Microcephaly is a terrible tragedy. 
The earlier the infection occurs, the greater is 
the risk of injury to the fetus. If the infection 
occurs during the first month of pregnancy, the 
chance of a defective offspring is nearly 100 
per cent. After the third month, German 
measles seldom if ever injures the fetus. 

10. The incidence of malformations of the 
heart in siblings is so low that subsequent 
pregnancies can be recommended. 

11. Women with malformations of the heart 
usually tolerate pregnancy better than is an- 
ticipated. Furthermore, the number of mal- 
formations amenable to surgery is constantly 
increasing; therefore only under exceptional 
circumstances is sterilization justified. 


recom- 


Special Considerations for the Cyanotic Child 


1. An adequate fluid intake is important in 
order to lessen the danger of cerebral thrombo- 
sis. An infant should receive 1000 ce. of fluid 
per day; a child of 2 to 8 years, 1500 cec.; a 
child 8 to 12 years of age, 1500 to 2000 ce. 
Children over 12 years should receive a mini- 
mum of 2000 cc. Many young adults take 3000 
ee. or even 4000 cc. of fluid per day. No patient 
with a polycythemia should go more than 12 
hours without fluid. In case of vomiting, diar- 
rhea, or excessive heat, the fluid intake should 
be increased. 

2. The treatment of paroxysmal dyspnea: 
(a) Place the infant in the knee-chest position. 
This may be sufficient to end the attack. (b) 
Morphine sulfate (1 mg. per 10 pounds of body 
weight) is nearly specific for relief of paroxysmal 
dyspnea. (c) Inhalation of oxygen may help. 

3. The treatment of the acute attacks of 
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dyspnea and cyanosis which occur in infants 
with a vascular ring may be alleviated by 
hyperextension of the head and neck. 

4. Anoxemia causes retardation in growth 
and development, but does not cause mental 
retardation. The converse is also true: improve- 
ment of the circulation to the brain does not 
lessen mental retardation. Furthermore, a 
physically strong, mentally retarded child may 
get into far more trouble in this world than a 
mentally retarded child who is severely physi- 
ally incapacitated. 

5. In the evaluation of the advisability of 
early operation for a cyanotic infant, the de- 
gree of oxygen unsaturation of the arterial 
blood is far more important than is the in- 
tensity of the murmur. In most instances a 
malformation with a loud murmur carries a 
better prognosis than one in which there is no 
murmur. Indeed, the absence of a murmur is 
generally indicative of an extremely serious 


malformation. Under such circumstances if 
the lung fields are excessively clear, early 


operation is usually indicated. 

6. Almost any anesthesia is well tolerated by 
a cyanotic patient who suffers from reduction 
of pulmonary blood flow provided he receives 
supplementary oxygen throughout the time of 
the anesthesia. 

In conclusion, much can be done for the 
child with a malformed heart. An ever increas- 
ing number of malformations of the heart can 
be helped by surgery. Even if it is not now 
possible to help the child, it may yet be pos- 
sible within the life span of the patient. There- 
fore, it is wrong to treat the child as if he were 
inevitably going to be a cardiac invalid 
throughout his life or die at an early age 
Indeed, the child should be surrounded by a 
healthy, happy atmosphere, and the parents 
reminded that many persons have lived useful 
and significant lives without perfect health 
and strength. 


REFERENCES 

1 DaMMANN, J. F., AND SELL, C. G. R.: Patent 
ductus arteriosus in the absence of a continu- 
ous murmur. Circulation 6: 110, 1952. 

2 Gross, R. E., anp Hupparp, J. P.: Surgical 
ligation of a patent ductus arteriosus—report 
of first successful case. J. A. M. A. 112: 729, 
1939. 
—-, AND Lonaino, L. A.: The patent ductus ar- 
teriosus—observations from 412 surgically 
treated cases. Circulation 3: 125, 1951. 


* CRAFOORD, C., AND NYLIN, G.: Congenital coare- 
tation of the aorta and its surgical treatment. 
J. Thoracic Surg. 14: 347, 1945. 

5 Gross, R. E.: Surgical correction for coarctation 
of the aorta. Surgery 18: 673, 1945. 

6 —: Coaretation of the aorta—treatment of one 
hundred cases. Circulation 1: 41, 1950. 

7Wotman, I. J.: Syndrome of constricting double. 
aortic arch in infancy. J. Pediat. 14: 527, 1939 

SNEUHAUSER, It. B. D.: The roentgen diagnosis of 
double aortic arch and other anomalies of the 
great vessels. Am. J. Roentgenol. 56: 1, 1946. 

® Gross, R. E.: Surgical relief for tracheal obstruc- 

tion from a vascular ring. New England J. Med. 

233: 586, 1945. 

, AND NEUHAUSER, FE. B.: Compression of the 

trachea or esophagus by vascular anomalies: 

surgical therapy in 40 cases, Pediatrics 7: 69, 

1951. 

" Roester, H.: Interatrial septal defect. Arch. Int. 
Med. 54: 339, 1934. 

2 Biatock, A., AND Taussic, H. B.: Surgical treat- 
‘ment of malformations of the heart. J. A. M. A. 
128: 189, 1945. 

8 Taussic, H. B., Kina, J. T., BAUERSFELD, 8. R., 
AND PapMavati-lyer, 8.: Results of operation 
for pulmonary stenosis and atresia (Report of 
1,000 Cases). Tr. A. Am. Physicians 64: 67, 1951. 

4 Ports, W. J., SmirH, S., AND GIBSON, S.: Anas- 
tomosis of aorta to pulmonary artery. J. A. 
M. A. 187: 343, 1948. 

15 ENGLE, M. A., anp Taussic, H. B.: Valvular 
pulmonic stenosis with intact ventricular 
septum and patent foramen ovale. Circulation 
2: 481, 1950. 

16 Brock, R. C., AND CAMPBELL, M.: Valvulotomy 
for pulmonary valvular stenosis. Brit. Heart 
J. 12: 377, 1950. 

Valvulotomy for relief of congenitai pul- 
monary stenosis. Brit. M. J. 1: 1121, 1948. 
: The surgery of pulmonary stenosis. Brit. M. 
J. 2: 399, 1949. 

18 Porrs, W. J., Gisson, S., AND Riker, W. L.: 
Congenital pulmonary stenosis with intact 
ventricular septum. J. A. M. A. 144: 8, 1950. 

20 Taussic, H. B., anp Bina, R. J.: Complete trans- 
position of the aorta and a levoposition of the 
pulmonary artery. Am. Heart J. 37: 551, 1949. 

21 Buatock, A., AND HaNnton, R. C.: The surgical 
treatment of complete transposition of aorta 
and pulmonary artery. Surg., Gynec. & Obst. 
90: 1, 1950. 

22 DAMMANN, J. F., BerrHoronc, M., Anp BING, 
R. J.: Reverse ductus: A presentation of the 
syndrome of patency of the ductus arteriosus, 
with pulmonary hypertension and a shunting of 
blood flow from pulmonary artery to aorta. 
(In preparation.) oe 

2 Taussic, H. B., BAUVERSFELD, 8S. R., anp Mac 
Donatp, A. J.: Pulmonary hypertension and 
persistent patency of the ductus arteriosus 
Preliminary report presented at the American 
Pediatric Society Meeting (May 1952); abstract 
to be published in Pediatrics (now in press). 


10 





M. 


L.: 
tact 
950. 
ins- 

the 
49. 
ical 
yrta 
bst. 


ING, 
the 
sus, 
g of 
rta. 
[Ac- 
and 
sus 
ican 
ract 


ABSTRACTS 


Editor: SAMUEL BELLET, M.D. 


Abstracters 


Davip I. Abramson, M.D., Chicago 
LawrENCE H. Beizer, M.D., Philadelphia 
ARTHUR BERNSTEIN, M.D., Newark 

Rutu Correty, M.D., New York 

CuHar.es D. ENseELBERG, M.D., New York 
ALFRED FRoBESE, M.D., Philadelphia 
BENJAMIN A. GouLrty, M.D., Philadelphia 
RayMonD Harris, M.D., Albany 

HermMan K. HELiLERSTEIN, M.D., Cleveland 
J. RopericK KitcHE.u, M.D., Philadelphia 
Aupo A. Lutsapa, M.D., Chicago 

M. Price Maraco.uiges, M.D., Philadelphia 
S. 8. Mintz, M.D., Philadelphia 

Car. 8. Napier, M.D., New Orleans 
Morton J. OPPENHEIMER, M.D., Philadelphia 


BLOOD COAGULATION 


Macht, D. I., and Golden M. R.: Influence of 
Amphetamine On Blood Coagulation. Arch. inter- 
nat. de pharmacodyn. et de thérap. 89: (Jan.), 
1952. 

Amphetamine in doses of 5 mg. or more, admin- 
istered by stomach and also by parenteral injec- 
tion in rabbits and dogs, accelerates clotting time 
of whole blood as studied by the Lee and White 
method. Similar results were obtained in a series 
of human subjects to whom the drug was admin- 
istered by mouth. Methylamphetamine and dex- 
troamphetamine act similarly but to a lesser degree 
than amphetamine itself. 

BERNSTEIN 


Douglas, A. S., and Brown, A.: Effect of Vitamin-K 
Preparations on Hypoprothrombinaemia Induced 
by Dicoumarol and Tromexan. Brit. M. J. 4755: 
412 (Feb.), 1952. 

The effect of certain substances with vitamin K 
activity in modifying the action of dicumarol and 
Tromexan has been investigated in the human sub- 
ject. The vitamin K preparations employed were 
vitamin K,, Menaphthone, Acetomenaphthone, 
Kapilon, Synkavit, and water-soluble K analogue 
(Boots). 

Apart from vitamin K,, these substances have 
been shown to possess a minor and inconstant abil- 
ity to modify the action of these anticoagulants. 
Vitamin K,, on the other hand, is a reliable and 
efficient antidote, and is capable of completely block- 
ing the action of therapeutic doses of dicumarol and 
Tromexan, and capable of restoring to safe levels 
within a few hours excessive hypoprothrombinaemia 
due to these drugs. 


ALFRED Pick, M.D., Chicago 

Seymour H. Rinzier, M.D., New York 
Francis F. Rosenspaum, M.D., Milwaukee 
Exxiorr L. Sagat, M.D., Boston 

Davin ScHerr, M.D., New York 

Pav. ScHLEsIncER, M.D., Rio de Janeiro, Brazil 
JOHN B. ScHWEDEL, M.D., New York 
CHARLES R. Suuman, M.D., Philadelphia 
FRANKLIN Simon, M.D., Newark 

Louis A. Sotorr, M.D., Philadelphia 
Ratpu M. Tanpowsky, M.D., Hollywood 
8. O. Waire, M.D., Indianapolis 

Martin Wenpkos, M.D., Philadelphia 
STANFORD WESSLER, M.D., Boston 


Since these differences between the vitamin K 
preparations are not merely a question of dosage, 
of all the substances tested here only vitamin Ky, 
can be regarded as a reliable antidote for a hypo- 
prothrombinaemic emergency. 

BERNSTEIN 


CONGENITAL ANOMALIES 


Shumacker, H. B., Jr.: The Diagnosis of Coarcta- 
tion of the Aorta with Particular Reference to 
the Importance of Absent or Diminished Abdom- 
inal Aortic Pulsation. Ann. Surg. 135: 111 (Jan.), 
1952. 

The author calls attention to the fact that ab- 
sence or diminution of the abdominal aortic pulse 
is a characteristic feature of coarctation of the aorta. 
This sign is readily ascertained through careful in- 
spection and palpation of the aorta. It-is especially 
important in differentiating coarctation of the aorta 
from thrombosis of the bifurcation of this vessel. 
In the latter condition there are forceful pulsations 
in the proximal portion of the abdominal aorta. 

ABRAMSON 


Donzelot, E., Metianu, C., and Durand, M.: Right 
Ventricular Hypertrophy in Congenital Heart Dis- 
ease. (A Physiopathologic Classification.) Arch. 
Mal. coeur 45: 97 (Feb.), 1952. 

The authors describe three electrocardiographic 
types associated with right ventricular hypertrophy 
due to congenital heart disease. The first termed 
“adaptation type’”’ shows moderate or no axis shift 
in the limb leads; inversion of the T wave may be 
present in lead III; there is an upright QRS with 
or without T inversion to be found over the right 
precordium, but usually extending not farther than 
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to lead V;. This pattern develops early in childhood 
and remains unaltered for years. It is found in cases 
in which the aorta originates partly or completely 
from the right ventricle. 

The second pattern, called the “resistance type,” 
shows marked right axis shift and inversion of the 
T wave in both leads IT and III, and upright QRS 
complexes, depressed S-T segments and inverted T 
waves are seen over the whole precordium, some- 
times extending up to V¢. Such an electrocardiogram 
is found frequently in pure pulmonary stenosis, or in 
association of the latter with an interatrial sep- 
tal defect. 

The third type of electrocardiogram, consisting 
of right bundle branch block, is termed by the au- 
thors the ‘strain type” and is found most frequently 
in cases with an atrial septal defect. The ap- 
pearance of three different patterns of right ven- 
tricular hypertrophy in congenital heart disease 
ean be explained on the basis of the different dy- 
namics associated with the various lesions. 

Pick 


De Soldati, L., Navarro Viola, R., and Mejia, R. H.: 
The Ballistocardiogram in some Valvular De- 
formities and Cardiac Congenital Anomalies. Rev. 
argent. cardiol. 18: 189, 1951. 

The ballistocardiograms of 22 patients were stud- 
ied. Ten cases presented mitral stenosis; one, mitral 
stenosis and insufficiency; two, mitral stenosis and 
aortic regurgitation; two, aortic insufficiency; one, 
subaortic stenosis and aortic regurgitation; four, 
coarctation of the aorta; one, patent ductus ar- 
teriosus; and one, Lutembacher’s syndrome. 

The tracings obtained from the patients present- 
ing mitral stenosis showed a diphasic H wave, and 
often a high L and a deep M wave in 12 instances. 
Of the five patients in which aortic regurgitation 
was present, three had high ballistocardiographic 
waves, while the other two (those having combined 
mitral and aortic lesions) had a normal amplitude 
of the waves. In the four cases presenting coarcta- 
tion of the aorta, a deep I and a shortened K wave 
were noted. Nonspecific modifications were noted 
in the case presenting Lutembacher’s syndrome and 
in that with patent ductus arteriosus. 

LUISADA 


Puigbo’, J. J.. Moura Campos, C., Dornbecker, N., 
and Cahen, P.: Angiocardiography in Diagnosis 
of Interatrial Shunts. Arch. Inst. cardiol. Mexico 
21: 494 (Aug.), 1951. 

The authors studied 15 cases of interauricular 
septal defects, either pure or associated with con- 
genital or acquired lesions. All of these cases were 
proved by autopsy or hemodynamic studies. 

Simultaneous filling of all cardiac chambers or of 
both auricles, and refilling of the right auricle at the 
time of filling of the left, are considered diagnostic 
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data upon angiocardiography. These data were pres 
ent in 93.4 per cent of the cases. 
LUISADA 


Limon Lason, R., Rubio, V., Rodriguez, H., Espino, 
J., and Novelo, S.: Association of Coarctation 
of the Aorta with Isolated Biventricular Aorta. 
Arch. Inst. cardiol. Mexico 21: 469 (Aug.), 1951 
Cardiac catheterization proved the association 

of two congenital abnormalities in a 4 year old boy 
having a loud systolic murmur. One of them was 
coarctation of the aorta; the other was an over- 
riding aorta without pulmonary stenosis (Eisen- 
menger complex). This resulted in severe pulmonary 
hypertension which was increased by the aortic 
obstruction. 

The arterial pressure was 160/109 (76/66 in the 
poststenotic section of the aorta); the pulmonary 
arterial pressure was 160/107. 

Lowering of left ventricular pressure following 
aortic surgery was expected also to decrease right 
ventricular pressure. 

LUISADA 


Wenger, R., and Wick, E.: Vectorcardiographic 
Studies in Congenital Anomalies of the Heart 
and Large Vessels. Cardiologia 20: 1 (Fase. 1), 
1952. 

In 54 cases with various types of congenital heart 
disease, all diagnosed with the help of cardiac cathe- 
terization and/or angiocardiography, and some of 
them verified by autopsy, vectorcardiograms were 
recorded in three planes. Although there was a great 
variability of the loop patterns, some changes ap- 
peared to be characteristic for certain groups of 
anomalies or for specific lesions. Thus, it was found 
that in the majority of Fallot’s tetralogy with 
marked right ventricular hypertrophy, the frontal 
vector loop developed in a clockwise direction; while 
in cases with left ventricular hypertrophy, like 
intraventricular septal defects, tricuspid atresia and 
coarctation of the aorta, the frontal loop took a 
counterclockwise course (from right to left). How- 
ever, while in septal defects and coarctation, hori 
zontal and frontal loops had the same direction of 
development, in tricuspid atresia the loop viewed 
in the horizontal plane developed from left to right. 
In one case of common ventricle with other asso 
ciated anomalies, the vector loop had an unusual 
contour in all three planes, which suggested an 
anomalous course of the conduction system. In 
general, however, spatial vectorcardiograms as found 
in congenital heart disease can be explained without 
the assumption of anomalies of intraventricular 
conduction. 

Pick 


Coelho, E., Da Fonseca, M., Pinto, R., and Nunes, 
A.: Pulmonary Stenosis with Interatrial Septal 








SANTI RAO CNBLS EIT AA We * 





Defect and Severe Cyanosis. Cardiologia 18: 183, 

1951. 

Two cases of pulmonic stenosis with auricular 
septal defect are described. The diagnosis was made 
by clinical and roentgenological data, as well as by 
angiocardiography and catheterization, and was 
confirmed by postmortem findings. The differential 
diagnosis of the Eisenmenger complex and_ the 
tetralogy of Fallot is discussed. This is considered 
important because pulmonic stenosis plus inter- 
atrial septal defect does not profit by the Blalock- 
Taussig operation, while it does from the Brock 
operation (pulmonary valvulotomy). 

The most significant data are prominent pul- 
monary arch with decreased pulmonary circulation; 
simultaneous filling of the two atria, the left ven- 
tricle, and the aorta two to three seconds after the 
injection; hypertrophy of the right ventricle; and 
penetration of the catheter into the left atrium. 

LUISADA 


Doliopoulos, T., and Maillet, J.: Levocardia with 
Inversion of the Abdominal Viscera and Presenta- 
tion of Five Personal Observations. ‘Cardiologia 
20: 80 (Fasc. 2), 1952. 

The authors collected from the literature 34 re- 
ports on levocardia in situs inversus and added five 
of their own observations, two of which were veri- 
fied by autopsy. Association with other congenital 
malformations of the heart is very common. Most 
frequently there is a transposition of the auricles 
and/or dextroposition of the aorta; in a great num- 
ber of cases, atresia or hypoplasia of the pulmonary 
artery was found, or anomalies of the venous return 
to the heart. A patent ductus arteriosus was present 
in about half of the reported cases. These associated 
anomalies produce a variety of clinical symptoms, 
of which cyanosis, encountered in 95 per cent of the 
‘ases, seems to be the most important. The elec- 
trocardiogram is of particular interest, since in some 
verified cases with transposed auricles, the P wave 
was upright in lead I; thus the most important 
electrocardiographic criterion of dextrocardia was 
absent. A search for situs inversus (palpation of the 
liver and radiologic determination of the gas bubble 
of the stomach) should be part of the examination 
in every case of congenital malformation of the 
heart. 

Pick 


Dotter, C. T., and Steinberg, I.: Angiocardiography 
in Congenital Heart Disease. Am. J. Med. 12: 
219 (Feb.), 1952. 

The indications, value, and interpretation of angio- 
cardiography in the diagnosis of congenital heart 
diseases are succinctly described. Since at least 26 
deaths are known to have followed angiocardiog- 
raphy, and the hazard of the procedure is highest 
in young patients with congenital heart disease, 
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care should be exercised in the selection of cases for 
examination. 

The authors use frontal and lateral projections 
routinely in the study of cyanotic congenital car- 
diac patients. Their cumulative experience totals 
about 2000 consecutive angiocardiographic exam- 
inations without a fatality. Angiocardiography, al- 
though frequently employed, is rarely necessary or 
indicated in the study of a variety of noncyanotic 
congenital cardiac lesions, such as patent ductus 
arteriosus and isolated septal defects. It is essential 
in a few noncyanotie congenital heart conditions, 
such as coarctation of the aorta where it provides 
precise anatomic information concerning the lesion. 

The authors strongly recommend that all patients 
with cyanotic congenital heart disease be studied by 
angiocardiography if surgery is planned. A knowl- 
edge of normal anatomy and physiology coupled 
with respect for an understanding of pertinent clin- 
ical and laboratory data will greatly facilitate the 
interpretation of angiocardiograms. Representative 
angiocardiograms are reproduced and discussed. 

HarRIs 


Ordway, N. K.: Studies in Congenital Cardiovas- 
cular Disease. IV. Impaired Pulmonary Diffusion 
of Oxygen in Persons with Left-to-right Shunts. 
Yale J. Biol. & Med. 24: 292 (Feb.), 1952. 
Impaired pulmonary diffusion of oxygen was dem- 

onstrated in 11 out of 62 patients with left-to-right 

shunts. In some cases diffusion was normal at rest, 
but was impaired during exercise. Impairment was 
demonstrated by showing abnormally great dif- 
ferences between arterial oxygen saturations while 
breathing air and while breathing 100 per cent oxy- 
gen. In those who also had a right-to-left shunt the 
saturation during breathing 100 per cent oxygen 

did not reach 100 per cent, as it did in those with 

only a left-to-right shunt. 

The author explains this finding on the basis of 
great augmentation of pulmonary capillary flow. 
In persons with large left-to-right shunts it is neces- 
sary for several times the normal amount of blood 
to flow through pulmonary capillaries in a given time 
as in the normal state. This is accomplished by dila- 
tation of the capillary bed and increased linear veloc- 
ity of blood flow. During exercise there is even 
greater increase in these changes. As a result there 
is a functional barrier to the complete transfer of 
oxygen from the alveolus to the blood stream, since 
there is insufficient exposure time for the erythro- 
cytes in the stream. Administration of 100 per cent 
oxygen increases the partial pressure of oxygen in 
the alveoli and tends to overcome the fault. 

In view of the facts that right-to-left shunts may 
occur without cyanosis, that cyanosis may occur 
without a right-to-left shunt, and that the intensity 
of cyanosis is not entirely dependent upon arterial 
anoxemia, the author offers a revision of Abbott’s 
classification of congenital heart disease. The au- 
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thor’s classification is based chiefly on observations 
made during the breathing of air and of 100 per 
cent oxygen: 
Group 1. No shunt 
Group 2. Left-to-right shunt only 
a. Normal pulmonary diffusion of oxy- 
gen 
b. Impaired pulmonary diffusion of oxy- 
gen 
Group 3. Right-to-left shunt, with or without 
concomitant left-to-right shunt 
a. Normal pulmonary diffusion of oxy- 
gen 
b. Impaired pulmonary diffusion of oxy- 
gen 
ENSELBERG 


CONGESTIVE HEART FAILURE 


Franco, A., and Marques, M. G.: Massive or Frac- 
tional Digitalization in Chronic Congestive Fail- 
ure with Auricular Fibrillation. Cardiologia 20: 
257 (Fasc. 5), 1952. 

In 20 cases with auricular fibrillation of various 
etiologies and chronic congestive failure, different 
methods of treatment with Lanatoside C (Cedilanid) 
were studied and compared. In 17 instances full 
compensation was achieved as evidenced by clin- 
ical signs and normalization of venous pressure and 
circulation time. 

In comparing the various methods of administra- 
tion of the preparation, it was found that rapid digi- 
talization by massive intravenous doses precipitates 
signs of intoxication which disappear 24 hours after 
termination of treatment. The same is true with 
rapid oral digitalization. Contrary to it, signs of 
intoxication are minimal or absent if digitalization 
is carried out slowly by the oral route, or more 
rapidly by divided intravenous doses. As methods 
of choice the author recommends the following 
plans: For oral digitalization, 3 mg. Cedilanid the 
first day, 2.5 mg. the second day, followed by doses 
of 2 mg., 1.5 mg. and 1.0 mg., the latter continued; 
for intravenous digitalization, an initial dose of 
0.8 mg. followed in four-hour intervals by 0.4 mg., 
or, in less urgent cases, in 24 and 48 hours by 0.4 
and 0.2 mg. 

Owing to its great therapeutic range and the rarity 
and transient character of its toxic effects, Cedilanid 
is especially indicated in cases in which prolonged 
digitalization is necessary and frequent medical 
control impossible. 

Pick 


McLester, J. S., and Holley, H. L.: Salt Depletion 
Syndrome with Increasing Edema Occurring Dur- 
ing Mercurial Diuretic Therapy. Ann. Int. Med. 
36: 562 (Feb.), 1952. 

Intensive mercurial diuresis in three patients with 


ABSTRACTS 


congestive failure was followed by an aggravatio) 
of the edematous state and the development o 
azotemia. These untoward reactions were promptl: 
relieved by the intravenous administration of hy 
pertonic salt solution. These adverse sequelae t: 
the mercurial diuretics in these cases are ascribe: 
to increased viscosity of the blood with resultan 
impairment of glomerular function, and to a para 
doxie shift of sodium chloride from the extracellula 
fluid compartment into the cells. 
WENDKOsS 


Axelrod, D. R., and Pitts, R. F.: The Relationshi; 
of Plasma pH and Anion Pattern to Mercuria 
Diuresis. J. Clin. Investigation. 31: 171 (Feb.) 
1952. 

The authors studied the potentiation of mercuria 
diuretics by ammonium chloride in normal dogs. 
This potentiation is not the result of increased acid 
ity of the urine and body fluids induced by the acidi 
fying salt. The more significant finding is an altera 
tion in anion pattern of the body fluids, particular) 
a substitution of chloride for bicarbonate. Afte: 
Salyrgan, the excretion of chloride regularly exceeds 
that of sodium, and there is frequently a fall in 
plasma chloride with a rise in plasma bicarbonate. 

The authors suggest that mercurial diuretics spe 
cifically block chloride absorption, and the effect of 
ammonium chloride on diuretics is a consequence 
of the hyperchloremia which is induced. 

WAIFE 


CORONARY ARTERY DISEASE, 
MYOCARDIAL INFARCTION 


Glushien, A. S., Reiter, M. D., and Fischer, H.: 
Coronary Embolism (Intravitam Diagnosis) and 
Necrotizing Renal Papillitis. Ann. Int. Med. 36: 
679 (Feb.), 1952. 

A 24 year old diabetic male was admitted to the 
hospital with the typical clinical picture of sepsis as 
sociated with loud systolic precordial murmurs 
Blood cultures yielded numerous colonies _ o! 
Staphylococcus aureus hemolyticus. A diagnosis o! 
acute bacterial endocarditis due to this organism was 
therefore made. Subsequently, because of evidences 
of cardiac irregularity and cardiac failure, seria! 
electrocardiograms were made, and the findings in 
these cardiograms established the presence of a re 
cent posterior wall myocardial infarction. It was 
therefore supposed that the infarct was the result 
of a septic embolus to the right coronary artery. 

At autopsy, this suspicion was confirmed. On th 
aortic valve cusp overlying the right coronary orifice 
there was a large fungating vegetation which ap 
parently had extended upward into the aorta and 
from which an embolus had lodged within the right 
coronary artery, 6 mm. from its origin. This em 
bolus within the right coronary artery was obviousl) 
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a purulent embolus. Distal to this occluded coronary 
artery, the lumen was normal. Fully half of the 
posterior portion of the interventricular septum was 
comprised of patchy, yellow-white areas, some with 
dark red borders and all being fairly firm. These 
were recognized to be myocardial infarctions. As- 
sociated, but unsuspected, was the finding of renal 
lesions which were characteristic of a necrotizing 
renal papillitis. The renal lesion was not considered 
to be related to the bacterial endocarditis, but it 
was believed to be due to the diabetic state. 
WENDKOS 


Carral, R., and Orizaga, M.: Luetic Aortitis. De- 
scending Myocarditis. Arch. Inst. cardiol. Mexico 
21: 435 (Aug.), 1951. 

One hundred cases of cardiovascular lues, 13.4 per 
cent of the autopsy reports examined, were studied. 
Twenty-one cases had a descending myocarditis, 
that is, a luetic myocarditis transmitted by con- 
tiguity from the aorta. 

The clinical diagnosis of this type of myocarditis 
is considered difficult. The best diagnostic sign seems 
to be incomplete left bundle branch bloek in a luetic 
patient without aortic regurgitation. Protracted 
heart failure was constant, irrespective of aortic 
regurgitation or coronary insufficiency. 

LUISADA 


Hegglin, R.: The Definition of Myocardosis. Car- 

diologia 20: 53 (Fase. 1), 1952. 

The term “‘myocardosis” was originally introduced 
by Wuhrmann to designate certain degenerative 
changes of the myocardium associated with dys- 
proteinemia of various etiology, especially those 
found in liver disease. However, similar histologic 
changes—edema, sarcolysis and destruction of myo- 
cardial fibers, and widening and fatty infiltration of 
the interstitial spaces of the myocardium—are also 
found in other conditions which are not associated 
with disturbance of the protein metabolism, for 
example in various intoxications; on the other hand, 
these changes may be absent in cases with severe 
dysproteinemia, as in multiple myeloma and in the 
nephrotic syndrome. 

The author suggests use of the term ‘“‘myocardo- 
sis’? more widely to designate generally degenerative 
changes of the myocardium instead of restricting 
this name to alterations found in one specific condi- 
tion. A series of cardiologie disorders known under 
specific terms like the ‘heart in hyperthyroidism 
ind myxedema,” the ‘“beri-beri heart,” the “heart 
in amyloidosis,” the “heart in Van Gierke’s disease’’ 
ind “changes occurring with derangement of the 
lectrolyte balance” could be covered by a common 
1ame “myocardosis.” Thus the whole group of 
legenerative alterations of the myocardium could 
be put in sharp contrast to changes due to inflamma- 





tion (myocarditis), and to changes on a vascular 
basis (“‘myocardiosclerosis”’). 
Pick 


Di Ielsi, A. J., Pinsky, H. A., and Eynon, H. K.: 
Auricular Infarction: Report of Two Cases. Ann. 
Int. Med. 36: 640 (Feb.), 1952. 

The first of these cases was a 67 year old white 
male who was originally admitted to the hospital 
with the clinical syndrome of acute myocardial 
infarction. This diagnosis, however, was not clearly 
substantiated by the electrocardiogram. He de- 
veloped further respiratory distress and the clinical 
features of an acute pulmonary embolism. He de- 
veloped difficulty in swallowing. The x-ray exam- 
ination of the chest indicated the presence of en- 
largement of the right side of the heart, and it was 
suspected, therefore, that he had dilatation of the 
right atrium with eventual compression of the 
esophagus. At necropsy, these suspicions were con- 
firmed; and it was found that in addition to marked 
dilatation of the right atrium, there were many 
small aneurysms of the right atrium and that there 
were many clots filling thes? aneurysms. Examina- 
tion of the lungs indicated the presence of multiple 
pulmonary emboli which obviously had their origin 
in the atrial thrombi. The ventricle, although scarred 
and fatty, was not infarcted. 

The second case was that of a 69 year old white 
male who was admitted with the typical clinical 
features of acute myocardial infarction. The diag- 
nosis was confirmed by an electrocardiogram which 
revealed typical changes of a recent posterior wall 
infaret involving the left ventricle. In addition, there 
were elevations of the P-Q interval in leads II and 
III, and for this reason an associated infarct of the 
atrium was suspected. At necropsy, these suspicions 
were confirmed. 

It is because of the rarity of atrial infarction and 
because the electrocardiographic features of the 
lesion are not yet sufficiently appreciated that the 
authors have reported the details of these two cases. 

WENDKOS 


De Soldati, L., Mejia, R. H., and Navarro-Viola, R.: 
The Ballistocardiogram in Patients with Coronary 
Heart Disease. Rev. argent. cardiol. 18: 153, 1951. 
The authors present ballistocardiograms recorded 

in 24 patients suffering from coronary heart disease. 

Only five of these patients had electrocardiographic 

evidence of myocardial infarction, while 10 suffered 

from hypertension. An abnormal ballistocardiogram 
resulted in every case, ranging from grade 3 to grade 

4 of Brown’s classification. The authors stress the 

practical value of ballistocardiography in order to 

detect the presence of coronary heart disease, where 
other methods, including Master’s two-step test, 
have failed. 


LUISADA 
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Taymor, R. C., Pordy, L., Chesky, K., Moser, M., and 
Master, A. M.: The Ballistocardiogram in Cor- 
onary Artery Disease. J. A. M. A. 148: 419 (Feb. 
9), 1952. 

Ballistocardiographic findings in 195 cases are 
presented and correlated with results of the Master 
two-step exercise electrocardiogram. Twenty-seven 
patients of 113 with negative two-step electrocardio- 
graphic tests had abnormal ballistocardiograms 
either at rest or after standard exercise. Seventy 
of 75 with positive two-step tests had abnormal 
ballistocardiograms, and six out of seven with border- 
line two-step tests had abnormal records. 

The authors point out that the character of the 
ballistocardiographie waves depends on velocity and 
force of cardiac ejection, and has no direct correla- 
tion with the results of electrocardiography. Path- 
ologic changes in the conduction pathways or in the 
myocardium itself may produce changes in the elec- 
trocardiogram. However, the mechanical function 
may be sufficiently impaired to produce changes in 
the ballistocardiogram without enough disturbance 
to alter the electrocardiogram. In a small percentage 
of patients with definite evidence of coronary artery 
disease in this series, the ballistocardiogram remained 
normal. 

Further study of these cases is required to de- 
termine whether or not the finding has any prog- 
nostic value. Similar further study in the group of 
patients with negative electrocardiographic findings 
and abnormal ballistocardiograms is necessary be- 
fore the complete significance of the findings is un- 
derstood. The authors feel the ballistocardiogram 
is a useful tool in the diagnosis of coronary artery 
disease but should be used in conjunction with care- 
ful history, physical examination, and electrocardio- 
graphic study. The test should be recorded after 
standard exercise if the resting record is normal 
because cardiac ejection force may be impaired 
only after exertion. 

KITCHELL 


De Soldati, L., Navarro-Viola, R., and Mejia, R. H.: 
The Electromagnetic Ballistocardiogram in Nor- 
mal Subjects and in Coronary Disease. Arch. 
mal. coeur 45: 108 (Feb.), 1952. 

The authors analyzed tracings obtained with 
Dock’s ballistocardiograph in 36 normal persons 
of various age and in 24 patients with coronary 
disease. In the normal cases the magnitude of the 
various ballistocardiographic deflections was meas- 
ured as recorded during apnea, in deep inspiration 
and expiration, and following exercise. The results 
were studied from a statistical point of view and the 
normal limits for the various deflections were de- 
termined. 

Of the 25 cases with coronary disease. five suf- 
fered from angina following myocardial infarction, 
17 had anginal pain without evidence of myocardial 
infarction, and three had electrocardiographic evi- 
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dence of coronary disease without clinical sym)- 
toms. The ballistocardiogram was abnormal in |] 
of them. The alterations became more marked f:|- 
lowing an exercise tolerance test, regardless of t ie 
presence or absence of electrocardiographie chang: s, 
The ballistocardiogram, therefore, appears to be of 
definite value for the diagnosis of coronary disea 

Pick 


Robinson, J. W.: Coronary Thrombosis in Diabet«s- 
Mellitus. An Analysis of 54 Cases. New Engla 
J.Med. 246: 332 (Feb. 1), 1952. 

This report is concerned with 54 consecutive 
cases of coronary thrombosis with or without m) 
cardial infarction occurring in 52 diabetic patients 
observed at the Pennsylvania Hospital over an 
terval of six and one-half years. In this series 64.8 
per cent of the patients were women in contrast to 
a female incidence of 21.2 per cent in a large group 
of nondiabetic patients observed at the same hos- 
pital during the same period. The over-all mortality 
was 40.8 per cent. The mortality was higher in 
women, in those patients who had previous coronary 
thrombosis, and in those whose diabetes had been 
inadequately controlled. The statistics accumulated 
in this study suggested that a diabetic man is 1.3 
times as likely as his nondiabetic neighbor to suffer 
coronary thrombosis, whereas in a woman the pos- 
sibility of coronary thrombosis is increased 14 times 
if she is diabetic. In this series one in five women 
with coronary thrombosis was also a diabetic. The 
role of obesity and various unknown hormonal fac- 
tors in the shift of the sex incidence of coronary 
artery disease in diabetics is given some considera- 
tion by the author. 


ROSENBAUM 


Mendelson, C. L.: Coronary Artery Disease in 
Pregnancy. Am. J. Obst. & Gynec. 63: 381 (Feb.) 
1952. 

The problem of coronary artery disease in preg 
nancy occurred in four patients in the author’s 
series. In addition, 21 cases are summarized from 
the literature and the general management of these 
patients is discussed. The total mortality for the 
25 patients, who ranged from 19 to 45 years of ag 
was 24 per cent. 

Probable myocardial infarctions were record 
in 15 patients: three occurred prior to pregnanc 
ten during the antepartum period, one occurr 
intrapartum and one postpartum. The latter ty 
died and two infarctions were fatal during the ant 
partum course; two other patients died among ti 
group of 10 without infarction but with angin 
syndrome due to coronary insufficiency. Some of t! 
earlier cases were inadequately studied and may re; 
resent errors in diagnosis. It was found that once 4 
infaret has healed, the hypervolemia associated wit 
pregnancy was not a serious problem. 

Coronary artery disease should not be consic 
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ered as an indication for interruption of pregnancy 
or for cesarean section. Nor is coronary artery dis- 
‘ase a contraindication to these surgical procedures 
where other obstetric indications are present. One 
f the author’s patients was treated for two months 
luring pregnancy with dicumarol for a coronary 
occlusion. The prothrombin time was maintained 
at approximately twice normal. The treatment was 
satisfactory and a normal child was born. 
SHUMAN 


Freis, E. D., Schnaper, H. W., Johnson, R. L., and 
Schreiner, G. E.: Hemodynamic Alterations in 
Acute Myocardial Infarction. I. Cardiac Output, 
Mean Arterial Pressure, Total Peripheral Re- 
sistance, ‘“‘Central’” and Total Blood Volumes, 
Venous Pressure and Average Circulation Time. 
J. Clin. Investigation. 31: 131 (Feb.), 1952. 
Determining cardiac output by the dye injection 

method of Hamilton, the authors studied 11 pa- 

tients with acute myocardial infarction, seven nor- 
mal male subjects, and five hypertensive patients. 

Special modifications in the usual technique were 

made so as not to disturb unduly these acutely ill 

subjects. It was found that hemodynamic changes 

varied with the clinical state of the patient. The 
mean cardiac index was about 4 liters per minute 
in the normal young subject; 3.2 in the hyperten- 
sives who were more comparable in age to the pa- 
tients with myocardial infarction; in those who 
showed little or no evidence of shock or congestive 
failure following infarction the cardiac index was 
about 3.4 liters per minute; in those whose illness 
was moderately severe, 2.9 liters per minute; and 
in the group suffering from cardiogenic ‘‘shock,”’ all 
of whom were severely ill with extreme prostration 
and with the clinical appearance of shock, the mean 
cardiae index was 1.8 liters per minute. In general 
the heart rate increased with increasing severity of 
the infarction. The mean femoral pressure varied 
from 95 mm. Hg to 79 in the three groups of infare- 
tions. Extreme hypotension was not observed in these 
subjects, even in those who appeared clinically to be 
in “shock” and who later died. There was a signifi- 
cant reduction in stroke volume paralleling the three 
sroups of infarction clinically. Thus, those who were 

n the mild group had a stroke volume of about 76 

‘c. It was 50 ce. in the moderately severe group, 

ind only 27 ce. in those who had “‘shock.” Similarly, 
he total peripheral resistance was strikingly in- 

‘reased in the cardiogenic shock cases. 

In short, in severe myocardial infarction there was 
reduction of cardiac output, especially stroke vol- 
ime, an increase in heart rate, total peripheral re- 
istanee, central venous pressure, and average cir- 

‘ulation time. The less severe cases did not show 
hese abnormalities. 

The authors suggest the following sequence of 

‘vents after severe myocardial infarction: A dimin- 

shed contractility and a failure in stroke output. 
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The consequent reduction of arterial pressure im- 
mediately, resulting in the activation of neurogenic 
reflexes and possibly other compensatory: mecha- 
nisms, produces an increase in total peripheral re- 
sistance and tachycardia. This intense vasocon- 
striction in the presence of reduced stroke volume 
may be followed by a fluid retention syndrome which 
may result in congestive heart failure as well as 
shock-like state. Although these compensatory mech- 
anisms aid in maintaining aortic pressure and hence 
coronary blood flow, they also may have harmful 
consequences by adding extra burdens to an already 
damaged heart. Thus, an elevated total peripheral 
resistance increases the work of the heart; tachy- 
cardia also adds to cardiae work and results in a 
less effective stroke output; and venoconstriction 
results in increased venous filling pressure in the 
presence of a failing heart. 
WAIFE 


Feldman, D., Silverberg, C., Birenbaum, A., and 
Jick, S.: Changes in the Circulating Blood Eosin- 
ophils following Acute Myocardial Infarction. Am. 
J. M. Se. 228: 168 (Feb.), 1952. 

A total of 51 consecutive patients admitted to 
the hospital with a diagnosis of probable myocardial 
infarction were studied to determine the response 
of the fasting eosinophil count to their disease and 
to note whether the occurrence of secondary falls 
in eosinophil counts would aid in the early detection 
of complications. The patients were later classified 
into two groups: group 1, those with definite acute 
myocardial infarction (23 cases); group 2, included 
angina pectoris, pulmonary edema, probable myo- 
cardial infarction, heart falure, and chest pain (28 
cases). Eosinophil counts were made on venous 
blood by Randolph’s method using a value of 50 
or more per cubic millimeter as normal. 

Patients with acute myocardial infarction usually, 
but not invariably, had an early eosinopenia. The 
lack of an eosinophil fall in infarction patients who 
had uncomplicated recoveries was probably not on 
the basis of an inadequate adrenocortical response 
to stress, although hormonal studies were not made. 
It was found that acute pulmonary edema was as- 
sociated with extreme eosinopenia. The eosinophil 
response did not aid in the prognostic evaluation of 
the cases, nor did it appear to be of importance in 
determining the pres2nce of complications, inasmuch 
as wide fluctuations were noted in the absence of 
any apparent clinical cause. 

SHUMAN 


ELECTROCARDIOGRAPHY 


Tartulier, M., Touriniaire, A., Deyrieux, F., and 
Farre, R.: A Clinical and Electrocardiographic 
Study in 9 Cases of Acute Cor Pulmonale. Arch. 
mal. coeur 45: 120 (Feb.), 1952. 

The authors present data on nine observations of 
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acute cor pulmonale, in two of which massive pul- 
monary embolism was proved by autopsy. In addi- 
tion to the typical clinical symtomatology, the ve- 
nous pressure was elevated during the initial stages 
of the accident, and subsided in the next few days. 
X-ray examination revealed that because of acute 
right heart strain, the heart shadow became more 
horizontal and enlarged in its transverse diameter 
and the pulmonary vascular markings more prom- 
inent. 

The characteristic electrocardiographic pattern 
of McGinn and White was found in seven cases in 
whom a tracing was obtained within 24 hours fol- 
lowing the episode. Within the next days the right 
axis deviation of QRS and the left axis shift of the 
T wave showed a tendency to regression towards 
normal. S-T deviations and T inversions in the 
right-sided chest leads became more pronounced 
in later stages of acute cor pulmonale. 

Pick 


Moniz de Bettencourt, J., and Baretto Fragoso, J. 
C.: The Electrocardiogram in Pregnancy. Acta 
eardiol. 7: 123 (Fase. 2), 1952. 

In order to amplify previous observations made 
with the three standard leads, the authors used uni- 
polar leads in a study of changes of the electrocardio- 
gram produced by pregnancy. Deviation of the elec- 
trical axis to the left found in the majority of cases 
is usually due to horizontal position of the heart 
in association with elevation of the diaphragm. In 
som? cases, however, the axis shift was to the right, 
and this was to a greater degree during pregnancy 
than in controls after delivery. This is ascribed by 
the authors to alterations in transmission of po- 
tentials to the left leg, caused by the pregnant uterus. 
The appearance of an isolated Q in lead III they 
explain by ‘‘vertical position of the heart with rota- 
tion to the right along the longitudinal axis, and pro- 
jection of the apex in forward direction.’”’ Qs; asso- 
ciated with an inverted T; was seen in hearts with 
the same rotation, but in more intermediate posi- 
tion. In three instances, there was an inversion of 
the T wave in the precordial leads, and in one in- 
stance an abnormal spatial position of the ventric- 
ular gradient. Such findings suggest that, apart 
from positional changes, some other ‘‘functional”’ 
factors may modify the electrocardiogram during 
normal pregnancy. 

Pick 


Bengtson, E., and Johnson, T.: Electrocardiographic 
Changes in Acute Anterior Poliomyelitis. Cardio- 
logia 20: 65 (Fasc. 2), 1952. 

Two hundred consecutive cases of acute polio- 
myelitis were followed by serial electrocardiograms 
taken at about 10-day intervals. Definite altera- 
tions were found in 11.5 per cent; and when divided 
in age groups, in 4.2 per cent of 72 children, and 
15.6 per cent of 128 adults. The changes consisted 
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in abnormalities of the T wave and occasional 
in disturbance of rhythm (A-V block, and auricul 
fibrillation and flutter). They were found frequent 
in association with abnormal clinical findings (p< 
sistent tachycardia) or subjective cardiac sensatio1 
and in eases with involvement of the bulbar nuelc 
The majority of the changes appeared in the fi 
to second week of the disease and persisted abo 
one month, sometimes six months to a year. |) 
some cases the associated symptoms suggested 
neurovegetative disturbance with increase of t 
sympathetic tone. This could be proved in sever 
instances by the results of amyl nitrite and dihyd) 
ergotamine tests. 

Pick 


Gigli, G., and Scotti, G.: A Singular Electrocardic- 
graphic Tracing in a Case of Chronic Cor Pul- 
monale. Acta cardiol. 7: 207 (Fase. 2), 1952. 
In a patient with clinical signs of chronic cor 

pulmonale, the following unusual electrocardio 
graphic pattern was recorded: small r’s in lead |: 
deep QS waves in leads IT and III; upright T waves 
in all three limb leads; aVy and aVy were similar 
in contour, showing a small upright QRS and in 
verted T wave, while aVp was the mirror image of 
these two leads; in the precordial leads, a QS present 
from V, to V;, a rS in Ve, and the T wave was in- 
verted in V, to V3, and upright in the left-sided 
chest leads. 

In order to explain these findings, the zone of 
transition of upright to inverted QRS complexes 
(left and right ventricular potentials) was deter 
mined in various planes of the thorax. The distribu- 
tion of these two contours over the thorax suggested 
that the unusual pattern in the conventional leads 
was due to an abnormal anatomical position of the 
heart, effected by marked clockwise rotation on the 
longitudinal and antero-posterior axes, with simu! 
taneous backward rotation of the apex. 

Pick 


Carello, L.: Homogenicity of the Thoracic Electric 
Field and the Origin of the Spatial Vectorcardio- 
gram. Acta cardiol. 7: 117 (Fase. 2), 1952. 
The concept of vectorcardiography implies two 

basic assumptions, namely homogenicity of the tli 

racic electrical field and identity of the origin of t! 

cardiac vector with the center of the heart. Whi 

the first assumption is supported by the possibilit 
of finding mirror image potential on diametrical 

opposed positions of the chest, the second seems ‘ 
be invalid, since intersections of the axes connecti! 

mirror image potentials do not always traverse tl 
center of the heart, determined radiologically. Stud: 
ing this problem, the authors found that the electric: 
center was located outside and dorsally to the hea 

shadow in 21 per cent of normal cases, in 60 pi 
cent of cases with right ventricular hypertroph 
and in almost 50 per cent of cases with left ventricu 
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lar hypertrophy or generalized cardiac enlargement. 
rhe greater incidence of these findings in pathologic 
hearts may be partly due to alterations in position, 
specially rotation of the heart in association with 
increase of its size. 

Pick 


Langendorf, R., Lev, M., and Pick, R.: Auricular 
Fibrillation with Anomalous A-V_ Excitation 
(W.P.W. Syndrome) Imitating Ventricular Par- 
oxysmal Tachycardia. Acta cardiol. 7, 241, 1952. 
A case is reported of rheumatic mitral stenosis 

with Wolff-Parkinson-White syndrome, followed by 
flutter and fibrillation. Autopsy with incomplete 
microscopic study failed to reveal any accessory 
bundle on the right side. Two types of ventricular 
complexes were noted during auricular fibrillation; 
the wider complexes, similar to those recorded when 
the sinus rhythm was still present, are interpreted 
as caused by anomalous A-V excitation. 

In eases with auricular fibrillation and abnormal 
excitation, the combined use of digitalis plus quini- 
dine is recommended. 

Considerations upon the mechanism of produc- 
tion of similar disturbances exclude the theory of 
an irritable focus but fail otherwise to clarify the 
obscure syndrome reported. 

LUISADA 


Dressler, W., Roesler, H., and Lackner, H.: The 
Significance of Notched, Upright T Waves. Brit. 
Heart J. 13: 496, 1951. 

Incidence and significance of notched, upright T 
waves are studied. They were observed in 16 per 
cent of the tracings from a series of 1000 electro- 
cardiograms. While notched T waves were infre- 
quently observed in the limb leads, and more fre- 
quently in the precordial leads, among normal 
subjects, they were frequently observed in the limb 
leads, and even more frequently in the precordial 
leads, of pathologic cases. 

The significance of notched T waves is discussed. 
Notching of T is noticed under the same conditions 
which cause inversion of T; both notching and inver- 
sion of T can be observed simultaneously, and this 
is not unusual in impairment of the coronary blood 
flow. 

The true notching of T should be differentiated 
from an apparent notching caused by fusion between 
U and T waves. 

LUISADA 


Ferrero, C., Doret, J., and Gay, E.: Contribution 
to the Diagnostic of Q;, a Vectorgraphic Study. 
Cardiologia 20: 47 (Fase. 1), 1952. 

A comparative study of 71 normal cases with a 
deep Q wave in lead III, and 40 cases showing this 
sign as consequence of myocardial infarction, re- 
vealed that currently used criteria for normal and 
abnormal Q waves, based on measurements of width 


and size of the deflection, are unreliable. About one 
half of the normal cases, and about one third of cases 
with proved myocardial infarction, were “exceptions 
to the rule.” Association of Q; with a Q wave in 
lead II and aVy, and its persistence in deep inspira- 
tion, proved more consistent with the diagnosis. 
This was especially brought out by vectorial analysis 
of the tracings. Vectors producing a deep Q; in 
normal persons are located in a mainly horizontal 
segment of the frontal plane and, hence, are most 
susceptible to respiratory variations. Contrary to 
this, a Q vector indicating posterior myocardial 
infarction is found in a more vertical segment of the 
frontal plane, and its position is much less variable 
with deep respiration. 
Pick 


Moll, A., and v. Lutterotti, M.: The Significance of 
the “Diskrepanz” Type of the R Wave (riSiSi1 
Pattern of the Electrocardiogram). Ztschr. Kreis- 
laufforsch. 40: 734 (Dec.), 1951. 

The authors studied cases with the electrocardio- 
graphic syndrome of a small r in lead I and deep S 
waves in leads II and III. In the presence of this 
pattern, which was termed by others ‘discrepancy 
type,” the possibility of an anterior wall infarct 
should always be considered, even when a distinct R 
wave is seen in lead II. In association with QRS 
prolongation, the pattern is frequently seen in the 
combination of anteroseptal infarction and right 
bundle branch block; the latter, however, can be 
recognized only in precordial leads, while the limb 
leads resemble more left bundle branch block. This 
apparent disagreement of limb leads and precordial 
leads is due to the change of the usual limb-lead 
pattern (namely, reduction of the prominent T wave 
in lead I) by ischemic myocardial destruction, rather 
than to an anomalous position of the heart. In rare 
occasions, the precordial leads indicate that the 
syndrome can occur in association with a left-sided 
conduction defect; and, sometimes, a completely 
atypical precordial pattern renders the localization 
of the intraventricular conduction defect to one or 
the other side extremely difficult or impossible. 

Pick 


Whitehorn, W. V., and Bean, J, W.: Cardiac Changes 
Induced by O»2 at High Pressure, High CO; and 
Low O», as Manifest by the Electrocardiogram. 
Am. J. Physiol. 168: 528 (Feb.), 1952. 
Decerebrate dogs were used. High oxygen (60 per 

cent) produced bradycardia and prolonged P-R inter- 

ral which progressed to A-V block with longer ex- 
posures. P Waves were decreased or suppressed. 

Ventricular premature contractions and _ nodal 

rhythms were common with longer exposures. When 

the heart failed, the pacemaker and conduction were 
at fault. Vagotomy or vagotomy and stellatectomy 
increased the time required for the onset of findings 
but did not prevent them from appearing. High 
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carbon dioxide and low oxygen effects were very 
similar. 
OPPENHEIMER 


Moll, A., and v. Lutterotti, M.: An Evaluation of the 
“Diskrepanze” Type of the T wave in the Electro- 
cardiogram. (The Pattern of T; < T3.) Ztschr. 
Kreislaufforsch. 41: 81 (Feb.), 1952. 

The authors analyzed eight cases which, in the 
course of observation, showed the electrocardio- 
graphic syndrome of a small T wave in lead I asso- 
ciated with a tall T wave in ITI, and they arrived at 
the following conclusions: 

The syndrome is suggestive but not diagnostic 
of coronary disease with infarction of the anterior 
wall. It is also found in incipient left ventricular 
hypertrophy, as a sign of digitalis effect, and in 
hearts with vertical position. If due to anterior wall 
infarction, it is usually associated with changes in 
the precordial leads and/or aV,. The syndrome is 
seen commonly during the healing stages of anterior 
infarction and rarely in its initial stages, and seems 
to indicate a favorable prognosis. It develops some- 
times in the course of transitory ischemia of the 
myocardium, without confluent infarction, and hence 
may be considered to be one of the manifestations 
of acute coronary insufficiency. 

Pick 


HYPERTENSION 
London, F., and Perry, L. L.: The Soffer Test in 

Essential Hypertension. J. Clin. Investigation 

$1: 51 (Jan.), 1952. 

Subjects with Cushing’s syndrome have an ab- 
normal response to salt loading and the administra- 
tion of desoxycorticosterone, in that they do not 
retain most of the salt following administration of 
this hormone. 

Ten ambulatory male patients with essential hy- 
pertension were studied by means of this salt toler- 
ance test. Nine of the ten patients showed a retention 
of chloride, and all ten showed a retention of sodium 
after salt loading and desoxycorticosterone acetate. 
Therefore, patients with essential hypertension did 
not show an electrolyte abnormality of the type 
found in patients with adrenal cortical hyperfunc- 
tion (the Cushing syndrome). 

WaAIFE 


Waldron, J. M., and Goldstein, F.: Changes in the 
Acid-Base Equilibrium in Essential Hypertension. 
J. Clin. Investigation 31: 92 (Jan.), 1952. 

The pH of a group of 19 patients with essential 
hypertension and normal kidney function was found 
to have a mean of 7.36, as compared to 14 normo- 
tensive subjects with a mean pH of 7.41. The in- 
creased acidity of the blood in hypertensives was 
accompanied by an increased carbon dioxide ten- 
sion which averaged 47.4 mm. of Hg, compared to 
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39.6 mm. in normotensives. This is the pattern « 
primary respiratory acidosis. Hypertensives wit 
impaired renal function showed a picture typic: 
of metabolic acidosis with a low pH and a low ea: 
bon dioxide tension. 


WAIFE 


PATHOLOGIC PHYSIOLOGY 


Kinmonth, J. B.: The Physiology and Relief « 
Traumatic Arterial Spasm. Brit. M. J. 4749: 5 
(Jan. 12), 1952. 

The author discussed the causes of arterial spas 
or other alterations in the size of large arteries, an: 
means to combat this pathologie state. He foun 
that direct stimulation of the femoral artery in th 
rabbit, using a faradic current, caused a contractioi 
of the middle third of the vessel. Lumbar sympa 
thetic stimulation produced a marked contractio 
of the distal third of the artery but not the uppe: 
third. With the intravenous injection of epinephrine, 
the lower part likewise became narrower, while the 
upper part actually dilated with the rise in blood 
pressure. 

In man the author found that a similar state 
existed. Electrical stimulation of such vessels as the 
dorsal pedal artery caused contraction, while the 
same agent applied to the common femoral had no 
effect. On the other hand, the large vessels went into 
spasm when subjected to mechanical trauma. An 
intact sympathetic nerve supply was not necessary 
for the maintenance of this state, the local arterial 
spasm persisting for long periods after the sympa 
thetic nerve supply had been removed from the 
vessels by periarterial sympathectomy. 

Various procedures were tried to remove spasm. 
Intravenous administration of papaverine, caffeine, 
and priscoline was without effect on the spastic 
arteries, although each drug caused rapid relaxa 
tion when applied locally to the vessels. The direct 
use of benzodioxane produced partial relaxation, 
while inhalation of amyl nitrite had no effect. Of 
all the drugs tried, papaverine was the most con 
sistently successful in eliciting permanent relaxation 
when applied locally. The spasm produced by me 
chanical trauma could not be relieved by sympa 
thectomy. 

It was concluded that in case of injury to an 
artery, early exploration is essential in order to 
distinguish between true spasm and compression 0! 
the vessel by bleeding. If spasm does exist, th 
entire segment of contracted artery should be ex 
posed and then covered by a warm 2.5 per cen 
solution of papaverine sulfate and left for a few 
minutes. If relaxation does not occur within 10 t 
15 minutes, the wound should be loosely closed 
leaving a fine polyethylene tube in contact with 
the vessel for instillation of 1 per cent papaverine 
at intervals until the circulation is restored. 

ABRAMSON 
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\ngelino, P. F., and Actis-Dato, A.: Gas Analysis 
of the Renal Venous Blood and Renal Venous 
Pressures Studied by Means of Catheterization 
in Normal and Cardiac Patients. Cuore e circolaz. 
$5: 283 (Oct.), 1951. 

Catheterization of the renal veins was performed 
n 13 subjects. Three of them were normal subjects; 
hree had cardiac failure; two suffered from hyper- 
hyroidism; while five suffered from various other 
ioneardiae ailments. 

Renal venous pressure averaged 9 cm. water in 
iormal subjects, and 20 em. water in heart failure. 

Oxygen saturation averaged 90 per cent in normal 
subjects, 82 per cent in cardiae patients, and pre- 
sented slight variations in other patients. Oxygen 
irteriovenous difference in renal blood was 1.23 per 
‘ent in normal subjects, while it was 4.22 in mixed 
blood. In eardiac failure, the A-V difference of the 
renal blood increased to 2.85 per cent; in the patients 
with hyperthyroidism, the difference was found low 
in the mixed blood. 

The absorption coefficient of oxygen of the renal 
blood averaged 5.6 per cent, whereas it was 22 per 
cent in the systemic blood; the coefficient was higher 
in cardiac failure (average 10 per cent), correspond- 
ing to the increased value in the systemic blood. It 
was also higher in hyperthyroidism (9.5 per cent) 
and in patients with acute hepatitis. 

The results of the study are correlated with the 
clinical findings. 

LUISADA 


Berthoud, E., and Zlotnick, A.: The Influence of 
Anoxemia on Cardiac Rhythm and Blood Pressure. 
Cardiologia 20: 58 (Fase. 1), 1952. 

In a patient with partial respiratory paralysis, in 
consequence to poliomyelitis, discontinuation of arti- 
ficial breathing resulted in bradycardia and eleva- 
tion of the arterial pressure. The mechanism of these 
alterations was studied by recording continuous 
electrocardiograms and determinations of the oxygen 
and carbon dioxide saturation of the peripheral 
blood during a short period of depressed respiration. 
The experiments were performed with the patient 
breathing normal air and pure oxygen. 

The study revealed that the blood pressure eleva- 
tion was associated with the development of hyper- 
kapnia, while slowing of the heart rate was related 
to hypoxemia. The mechanism of the bradycardia, 
as revealed by the electrocardiogram, consisted in 
the following sequence of events: First sinus brady- 
cardia with successive displacement of the pace- 
maker towards the A-V node, and finally to a ven- 
tricular focus under disappearance of signs of sinus 
activity. With reoxygenation, restitution to normal 
rhythm took place in the reversed order. Thus, the 
cardiodynamics in asphyxia, studied for the first 
time in man, are similar to those observed by others 
in the animal experiment. 


Pick 


Longcope, W. T., and Freiman, D. G.: A Study of 
Sarcoidosis Based on a Combined Investigation 
of 160 Cases Including 30 Autopsies from the 
Johns Hopkins Hospital and Massachusetts Gen- 
eral Hospital. Medicine 31: 1 (Feb.), 1952. 

The authors present a comprehensive review of 
sarcoidosis, particularly the pathologie and clinical 
features of this protean disease. Though involvement 
of lymph nodes, lungs, skin, spleen, liver, eyes and 
bones are well known, comparatively little attention 
has been paid to the cardiovascular damage resulting 
from direct myocardial involvement or from the 
effects of pulmonary sarcoidosis. 

Cardiae involvement has been found in about 
20 per cent of autopsies (including those reported 
in the literature). The lesions vary from scattered 
solitary tubercles in the myocardium to extensive 
infiltration of the muscle of both ventricles by great 
masses of sarcoid tissue. Death due to chronic heart 
failure or sudden death may occur in the cases with 
overwhelming infiltration. In the cases with minor 
degrees of involvement temporary disturbances may 
occur during the kaleidoscopic course of sarcoidosis. 
Various arrhythmias and tachycardias may accom- 
pany myocardial failure. Minor irregularities and 
electrocardiographic abnormalities without other 

cardiac symptoms are comparatively common. 

A complication of severe pulmonary involvement 
is cor pulmonale. The latter may be quite severe in 
cases of infiltrating pulmonary sarcoidosis, in which 
a condition of ‘‘alveolar-capillary block’ hastens the 
deterioration produced by the accompanying em- 
physema and the mechanical interference with blood 
flow through the small pulmonary vessels. Cardio- 
respiratory failure secondary to pulmonary hyper- 
tension and marked anoxia may terminate the life 
of many patients with pulmonary sarcoidosis. The 
characteristic features of this group of cases are 
dyspnea and cyanosis. It is to be hoped that con- 
tinuation of current studies of the effect of adreno- 
corticotropic hormone and cortisone upon sarcoidosis 
may lead to a better understanding of the disease 
and better clinical results. 

ENSELBERG 


PATHOLOGY 


Grewin, K. E.: Two Cases of Polypus Cordis. 

Cardiologia 20: 40 (Fase. 1), 1952. 

The author presents clinical data of two instances 
of a large pedunculated myxomatous tumor of the 
left auricle, revealed by autopsy. Both cases showed 
during lifetime signs of chronic heart failure, one 
with unexplained attacks of suffocation, the other 
with sudden unexplained deterioration of the con- 
dition. This could have, according to the author, 
suggested the correct diagnosis. In view of the 
recently developed technics, surgical removal of 
tumors located in the left auricle appears possible. 
The literature was reviewed in order to establish 
criteria for intravitam diagnosis of the condition. 
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Signs which may arouse suspicion of the presence 
of a left auricular tumor are especially sudden ap- 
pearance and disappearance of auscultatory signs 
of mitral stenosis, and attacks of syncope and un- 
consciousness, related to postural changes and not 
referable to heart block. 

Pick 


Klein, G.: A Case of Diffuse Endocardial Fibrosis 
in an Infant. Ztschr. Kreislaufforsch. 41: 138 
(Feb.), 1952. 

A 5 weeks old female infant, dyspneic from birth, 
showed at examination enlargement. of the heart 
to both sides and of the liver to the umbilicus. With 
improvement under treatment with digitalis, a sys- 
tolie murmur appeared over the precordium. The 
child died on the thirty-ninth day of life with signs 
of bronchopneumonia. At autopsy, diffuse fibro- 
elastosis of the endocardium was found, most marked 
in the left ventricle. The leaflets of the mitral valve 
were thickened and shortened, and its chordae ten- 
dineae were thickened and showed abnormal inser- 
tion, both resulting in severe stenosis of the mitral 
ostium. The aortic valves were hypoplastic, the left 
ventricle unusually small, the left auricle dilated, 
and both right auricle and ventricle dilated and 
hypertrophied. The coronary vessels were normal. 

The author rejects fetal endocarditis as the 
cause of this deformation and favors the possibility 
of a primary malformation of the endocardium and 
valves, with secondary changes in the cardiac struc- 
tures, due to alterations of the direction of blood 
flow through the heart. 

Pick 


Hall, G. F. M.: The Significance of Atheroma of 
the Renal Arteries in Kimmelstiel- Wilson’s Syn- 
drome. J. Path. & Bact. 64: 103 (Jan.), 1952. 
Two types of glomerular lesions occurring in 

diabetic glomerulosclerosis, the nodular lesion and 

the exudative lesion, are briefly described on the 
basis of the findings in a series of 135 diabetic pa- 
tients. Postmortem findings in 8 cases of Kimmel- 
stiel-Wilson’s svndrome dying in uremia show gross 
atheroma with much narrowing of the renal arteries. 

Atheromatous involvement of the large and small 

branches of the renal artery gave the kidney a 

characteristic macroscopic appearance. The histo- 

logic picture in all 8 cases showed ischemic oblitera- 
tion of vast numbers of glomeruli. The pathogenesis 
of the massive obliteration of glomeruli is discussed, 
and it is concluded that obliteration results from 
atheromatous narrowing of the renal arteries super- 
imposed on severe arteriolosclerosis. 

BERNSTEIN 


McKeown, F.: The Pathology of Pulmonary Heart 
Disease. Brit. Heart J. 14: 25 (Jan.), 1952. 
The author attempted to estimate the importance 


of lesions of the pulmonary vascular tree as a mx 
phologic basis for right ventricular hypertrophy tl 
was found in 111 instances of pulmonary heart d 
ease in 6770 consecutive necropsies. 

The cases were divided into three groups: Grou 
consisted of obstructive lesions of the pulmon: 
vascular system of which there were (a) four w 
pulmonary arteritis resembling periarteritis nodo 
(b) two with metastatic tumor, one of multi) 
embolization and the other of lymphangitis wi 
reactive fibrosis that occluded vessels, (ce) five w 
recurrent embolizations lasting from months to fi 
years. Group II included five instances witho 
morphologic lesions in the pulmonary vasculatu 
or parenchyma, so-called primary pulmonary hype:- 
tension. Group III consisted of 39 with emphysem.. 
Severe sclerosis was found in 17 per cent of these ss 
compared to 10 per cent of emphysema witho 
right ventricular hypertrophy and 7 per cent 
controls. 

The author concludes that the pulmonary vascular 
changes cannot be regarded as a morphologic basis 
of right ventricular hypertrophy. At the most, one 
may say that it accentuates slightly the normal age 
changes in the pulmonary vasculature. 

SOLOFF 


Heard, B. E.: An Experimental Study of Thickening 
of the Pulmonary Arteries of Rabbits Produced 
by the Organization of Fibrin. J. Path. & Bact. 
64: 13 (Jan.), 1952. 

Large autogenous worm clots were converted into 
fibrous tissue in the pulmonary arteries of rabbits 
inside a month or six weeks. Small autogenous clots 
produced by intravenous magnesium adenosine tri- 
phosphate with Russell viper venom and by Harri- 
son’s technic appeared to leave the lungs within 
about two days. It is suggested that while small 
clots were destroyed by a fibrinolysin, large clots 
survived long enough to become organized and con- 
verted into fibrous tissue. The degree of intimal 
change in the pulmonary vessels visible after six 
weeks, however, was extremely slight. It is possible 
that fibrinolysis may be less efficient in the systemic 
arteries of human beings and may be reduced in 
activity by certain changes in the condition of the 
body over the long period of development of human 
atherosclerosis. This would allow thrombi to persist 
long enough to become organized and converted into 
fibrous thickening. 

BERNSTEIN 


PHARMACOLOGY 


Roussak, N. J.: Fatal Hypokalemic Alkalosis wit 
Tetany during Liquorice and P.A.S. Therap 
Brit. M. J., 4754: 360 (Feb.), 1952. 

This is a report on a patient who, while receivin : 

treatment for tuberculous meningitis, developed w: 

explained electrolyte abnormalities from which sl 
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died. The biochemical findings on the last two days 
of life were those of a hypochloremic hypokalemic 
alkalosis. There seems to be good circumstantial 
evidence that liquorice was responsible for the elec- 
t olyte changes shown by this case. It has been 
s iown that liquorice has a desoxycortone-like action, 
and several other patients who received P.A.S. 
favored with liquorice developed tetany with hypo- 
kalemia. The P.A.S. could hardly have produced 
tie observed electrolyte changes, because salicylate 
causes a respiratory alkalosis with low-alkali reserve, 
hut the addition of a mild respiratory alkalosis to 
the metabolic alkalosis caused by the liquorice would 
favor the occurrence of tetany. 
BERNSTEIN 


jayne, H. W., Scheinberg, P., Rich, M., and Belle, 

M. S.: The Effects of Intravenous Papaverine 

Hydrochloride on the Cerebral Circulation. J. 

Clin. Investigation 31: 111 (Jan.), 1952. 

A group of 18 subjects with various diseases was 
studied by the nitrous oxide technic. Cerebral cir- 
culatory studies were performed before and after 
the intravenous administration of papaverine hydro- 
chloride in doses of 0.2 Gm. in 200 cc. normal saline 
over a 15 to 20 minute period. It was found that 
this drug led to a 13 per cent increase in cerebral 
blood flow, with a reduction in arterial-cerebral 
venous oxygen difference, so that cerebral oxygen 
consumption showed no significant change. There 
was a significant decrease in cerebral vascular resist- 
ance and fall in arterial pressure. There is suggestive 
evidence that papaverine probably causes arteriolar 
dilatation, although not localized to the brain. 

WAIFE 


Ransom, V. R., and Loomis, J. S.: The Effect of 
Ouabain on the Respiration of the Isometrically 
Contracting Rat Auricle. J. Pharmacol. & Exper. 
Therap. 104: 219 (Feb.), 1952. 

Ouabain was found to raise significantly the res- 
piratory quotient of intact rat auricular tissue, 
mainly by increasing the production of carbon diox- 
ide more than the oxygen uptake. At toxic levels 
the carbon dioxide production decreased from its 
maximum level at a faster rate than did oxygen 
consumption. The respiratory quotient of auricles 
contracting under tension was greater than when the 
tissue was not exposed to tension, since they were 
lue to a higher rate of metabolism. Ouabain caused 
. biphasic response on respiration, depending upon 
ts concentration. The increased respiratory phase 
if the ouabain effect did not result from an increased 
‘ate of contraction of the tissue. The authors believe 
that their results favor the theory that the cardiac 
rlycosides stimulate the oxidative respiratory system 
f the myocardial cells by increasing the amount of 
ndogenous metabolites consumed so that each 
‘ontraction results in a greater increase in carbon 


dioxide production than it does in oxygen utiliza- 
tion. 


SAGALL 


Lequime, J., Courtoy, P., and Kenis, J.: Hemo- 
dynamic Alterations Following Administration of 
Procaine Amide to Normal Persons. Acta cardiol. 
7: 189 (Fase. 2), 1952. 

The effect of procaine amide upon the circulation 
was studied in normal persons, using cardiac cathe- 
terization. The drug was injected in doses of 500 to 
800 mg., either intravenously or directly through 
the catheter into the right ventricular cavity. In 
six out of seven experiments, the arterial pressure 
dropped within 10 minutes following the injection, 
the systolic pressure maximally by 40 mm. and the 
diastolic by 20 mm. Cardiae output and the cardiac 
index increased in all instances. With exception of a 
slight prolongation of the P-R interval and of the 
QRS duration, no changes were observed in the 
electrocardiogram. 

The authors ascribe the observed changes of the 
hemodynamics to a twofold action of procaine amide 
upon the circulation, consisting in peripheral vaso- 
dilatation and a depressant action upon the myo- 
vardium. While the former action dominates in 
normal subjects, myocardial depression becomes 
manifest in diseased hearts. This may explain some 
apparent disagreement of the results of the present 
study with those reported by others in subjects with 
cardiac pathology. In view of these observations, 
intravenous administration of procaine amide re- 
quires caution and should be used only with strict 
indications. 

Pick 


Frank, H. A., Jacob, S. W., Schweinburg, F. B., 
Goddard, J., and Fine, J.: Traumatic Shock. XXI. 
Effectiveness of an Antibiotic in Experimental 
Hemorrhagic Shock. Am. J. Physiol. 168: 430 
(Feb.), 1952. 

In control experiments 88 per cent of dogs died 
of hemorrhagic shock. If animals were given aureo- 
mycin hydrochloride until two successive stool cul- 
tures were free of Escherichia coli and clostridia 
(10 to 12 days) 88 per cent survived. It was later 
discovered that six days of pretreatment (2.5 Gm. 
twice daily) was adequate, whether or not stool cul- 
tures were free of the two organisms mentioned at 
this time. The authors conclude that bacterial action 
facilitates the development of irreversibility to trans- 
fusion in hemorrhagic shock. 

OPPENHEIMER 


Yonkman, F. F., Plummer, A. J., and Reitze, W. B.: 
Suppression of Tachycardia Induced By 2-N-P- 
Tolyl - N (M’-Hycroxyphenyl) - Aminomethyl - 
Imidazoline (Regitine) C-7337. Arch. internat. 
pharmacodyn. 89: (Jan.), 1952. 
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The ganglionic blocking agents, pentamethyl- 
diethyl] -3-azapentane- 1 ,5-diammonium-dibromide 
(C-9295) (Pendiomide), tris-(2-diethyl-aminoethyl)- 
amine trihydrochloride (Su-1194), hexamethonium 
(C,) and tetraethylammonium chloride (Etamon), 
as well as Veratramine and tincture of Veratrum 
viride, antagonized the tachycardia produced by 
Regitine in 60 experiments on dogs under sodium 
pentobarbital anesthesia. 

BERNSTEIN 


Randall, B. F., Imig, C. J., and Hines, H. M.: 
Effects of Some Physical Therapies on Blood 
Flow. Arch. Phys. Med. 33: 73 (Feb.), 1952. 
The effect of several physical therapies on the 

volume blood flow through the hind extremities was 

studied on a series of unanesthetized adult dogs. 

Massage produced little increase in local circulation, 

while passive stretching caused a significant aug- 

mentation in normally innervated and spastic limbs 
but not in those that were denervated. Electrical 
stimulation of muscle was followed by a definite 
increase in blood flow, although during the actual 
period of tetanic contraction there was a decrease. 

The consecutive application of three hot packs 

caused an augmentation in the normally innervated 

limb but no change when the skin was previously 
treated with Butesin. 

The question was raised as to whether the increase 
in blood flow following application of heat and exer- 
cise was worthwhile, since there was a simultaneous 
rise in the metabolic needs of the affected tissues. 

ABRAMSON 


Cole, F.: Cardiac Massage in the Treatment of 
Arrest of the Heart. A Study of Three Hundred 
and Fifty Cases with Two Originai Case Reports. 
Arch. Surg. 64: 175 (Feb.), 1952. 

To the series of 348 cases of arrest of the heart 
reported in the literature, the author added two of 
his own. Of this number recovery occurred in 112. 
In those instances in which cardiac massage was 
carried out, 110 of 212 lived. Only three of the pa- 
tients who recovered showed residual effects. 

It was concluded that cardiac massage is the pro- 
cedure of choice and that this should be instituted 
within five minutes after arrest has occurred and 
not when all other measures have failed. 

ABRAMSON 







PHYSICAL SIGNS 


Fassbender, H. G., and Wengler, G.: Etiology of 
Subendocardial Bleeding. Virchow’s Arch. path. 
Anat. 321: 138 (Fase. 2), 1952. 

In 32 necropsied cases with subendocardial hemor- 
rhage located mainly in the outflow tract of the 
left ventricle, a study of clinical data revealed signs 
of vagal stimulation as a common denominator. 
Thus, in one group of patients there was evidence of 
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increased intracranial pressure, and in another gro 
enlargement of cervical nodes was found in pr 
imity to the vagus nerve. One case died a “bo 
death” after an attempt to swallow a big piece \f 
sausage, and another shortly after a thyroid ope 
tion from bleeding into the mediastinum. Amo. » 
other possible explanations the authors consid r 
“nervous disturbances of the terminal vascular be 
as most likely cause of the bleeding in this particu! .r 
localization. 

Pick 


Luisada, A. A.: The Diastolic Sounds of the Hea:t 
in Normal and Pathological Conditions. Acta nx 
Scandinav. (Suppl. 266) 142: 685, 1952. 

A review of the various cardiae sounds (or tones) 
is made. It is suggested that the two most coi 
mon sounds be called first and second sound compl: . 
and that both be classified as systolic sounds. The 
third and fourth (auricular) sound should be called 
diastolic sounds. A systematic study of the diastolic 
sounds was made. In about eight per cent of the cases, 
additional vibrations were found following the di- 
astolic sounds; these were in early diastole, pre 
systole, or both. 

The cases having additional vibrations were 
broken down by age groups and by etiologic groups: 
(a) The early diastolic vibrations were more frequent 
between 10 and 29; they were present in some nor- 
mal adolescents but were more frequent in various 
types of heart disease. (b) The presystolic vibrations 
were more frequent between 10 and 19, and again 
in the old-age groups; they were found only in heart 
disease. 

The various factors responsible for the diastolic 
sounds in general and for the additional vibrations 
in particular are discussed. It is postulated that, in 
the majority of cases, a slightly asynchronous rapid 
passive filling of the ventricles is responsible for the 
double third sound; a slightly asynchronous con- 
traction of the auricles, for the double fourth (auricu 
lar) sound. 

Knowledge of these possible additional sounds is 
essential for the exact interpretation of diastolic 
vibrations in the phonocardiograms and the differen 
tial diagnosis between mitral stenosis and other types 
of heart disease. 

LuIsaDA 


PHYSIOLOGY 


Luisada, A. A., Alimurung, M. M., and Lewis, L.: 
Mechanism of Production of the First Heart 
Sound. Am. J. Physiol. 168: 226 (Jan.), 1952. 
A series of open-chest experiments was made ii 

order to study the mechanism of production of t! 

first heart sound under the following condition 

(a) in the empty heart; (b) after ligation of the A 

groove; (c) after extensive damage of the A-\ 

ralves; (d) after the ligation of the large arterie 

and (e) after necrosis of the ventricular walls. 
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Phonocardiograms were recorded together with 
tracings of either the cardiac volume or the left 
ventricular pressure. The experiments did not allow 
tie separation of the vibrations arising in the valves 
fom those arising in the cardiac muscle, since it 
yas impossible to alter ventricular pressure without 
changing the force of closure of the A-V valves, or 
t» damage the A-V valves without altering ventricu- 
| u pressure. 

Studies were performed on normal human subjects 
|. y-recording the low-frequency (apical cardiograms) 
snd the high-frequency vibrations (phonocardio- 
grams) of the chest wall, and on normal dogs and 
jabbits by recording left ventricular pressure and 
phonocardiograms. They confirmed the existence 
of two groups of vibrations within the first sound. 
These two groups of vibrations coincide with the 
two main valvular events of early systole (closing 
of the A-V valves and opening of the semilunar 
valves) and with two distinct waves in the low- 
frequency tracing of the chest (apex cardiogram). 

It is suggested that the first sound is the result of 
a combination of muscular and valvular factors. Sud- 
den changes in muscular tension activate first the 
A-V valves and then the semilunar valves. This 
rapid succession causes a double vibration of the 
cardiae wall and is further transmitted to the chest 
wall, including high-pitched (sound tracing) and 
low-pitched (cardiogram) components. Although si- 
multaneous with the action of the valves, these 
vibrations are likely to arise in both the valvular 
and the muscular structures as a response to rapid 
changes in tension and pressure. Smaller vibrations, 
possibly of muscular origin, may be seen at times 
between the two main groups of vibrations of the 
first sound. Vascular vibrations occur only later, 
after the beginning of ejection, and have a lower 
pitch and lesser amplitude. 

LuIsADA 


Fowler, N. O., Jr., Westcott, R. N., and Scott, R. C.: 
Pulmonary Artery Diastolic Pressure: Its Rela- 
tionship to Pulmonary Arteriolar Resistance and 
Pulmonary “Capillary” Pressure. J. Clin. Investi- 
gation 31: 72 (Jan.), 1952. 

In the systemic circulation there is an increased 
peripheral resistance when the diastolic pressure is 
elevated. This is a report on a study of such rela- 
tionships within the pulmonary circulation. Cathe- 
terization of the heart and determination of cardiac 
yutputs by the direct Fick method were performed 
in a group of 54 patients with miscellaneous heart 
and lung diseases. A significant correlation was found 
between the pulmonary arteriolar resistance and the 
systolic, diastolic, and mean pulmonary artery pres- 
sure. However, the correlation of arteriolar resistance 
with diastolic pressure was no closer than with the 
mean or systolic pressures. It would appear that a 
rise in pulmonary arteriolar resistance increases the 
pulmonary artery pressure, and this increase is as 


great or greater in the mean or systolic pressures 
than in the diastolic. 

There was a significant negative correlation be- 
tween arteriolar resistance and arterial oxygen satu- 
ration. The pulmonary ‘capillary’? pressure was 
significantly correlated with the pulmonary artery 
diastolic pressure. 

The authors conclude that there was no evidence 
that an increased arteriolar resistance produced a 
disproportionate elevation in pulmonary diastolic 
pressure as compared to mean or systolic pressures. 

WAIFE 


RHEUMATIC FEVER 


Long, D. A.: Cortisone, Allergy, and Rheumatic 
Fever. Ann. Rheumat. Dis. 10: 427 (Dec.), 1951. 
The author hypothecates, based on guinea-pig 

experiments, that the oxidation of ascorbic acid is 

associated with desensitization and that cabbage 
contains an — SH compound which prevents oxida- 
tion. Cortisone antagonizes this cabbage effect and 
permits ascorbic-acid oxidation to occur once more. 

From these hypotheses, he argues that dehydro- 
ascorbic acid should prove clinically effective in man 
in the treatment of rheumatic fever. He warns that 
this substance resembles alloxan chemically and may 
be diabetogenic. Only further work will prove these 
hypotheses. 


BERNSTEIN 


Salazar Mallen, M., and Castillo, F.: Studies on 
Genetics of Rheumatic Fever. 1. The hypothesis 
of a Rheumatic Gene. Arch. Inst. cardiol. Mexico. 
22: 136, 1952. 

The authors studied 40 rheumatic families in 
order to investigate the possible importance of 
heredity in rheumatic fever. The results of this 
study seem to confirm Wilson’s conclusions. Accord- 
ing to the authors, transmission of a rheumatic 
heredity by a recessive gene should be considered 
as proved. 

LUISADA 


ROENTGENOLOGY 


Porte, D.: Detection of Heart Disease in a Mass 
Chest X-ray Survey for Tuberculosis Case-finding. 
Ann. Int. Med. 36: 603 (Feb.), 1952. 

In this study, the roentgenograms of the chest 
of 6,579 persons over 15 years of age, made in mobile 
units using 70 mm. film, were examined with a view 
to determining the incidence of an abnormal cardiac 
shadow and correlating this finding with other meth- 
ods of examination of the cardiovascular system. 
Thus, an abnormality of the heart was noted in 87 
of the roentgenograms. Subsequent examinations of 
the 87 persons indicated that 19 had heart disease 
which was previously unknown, 26 had cardiovas- 
cular disease which was previously known, and 25 
were found to be free of organic heart disease. Most 
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of the cases of rheumatic disease were previously 
known, whereas more than half the cases of hyper- 
tensive arteriosclerotic heart disease were discovered 
for the first time through the chest roentgen-ray 
survey. These findings compare favorably with the 
productivity of the survey from the point of view 
of tuberculosis case-finding. 

WENDKOS 


Smith, P. G., Evans, A. T., Elsey, E. C., and Felson, 
B.: Translumbar Arteriography: Its Roentgeno- 
logic Interpretation. Am. J. Roentgenol. 67: 183 
(Feb.), 1952. 

The authors discuss the findings and applications 
of translumbar arteriography performed in more 
than 300 instances. The technic of the procedure 
is briefly described and the normal arteriogram de- 
scribed and illustrated. The findings in renal anoma- 
lies, cysts and tumors of the kidney, other abdom- 
inal tumors, hydronephrosis, pyelonephritis, arterial 
aneurysm and thrombosis, and pregnancy are given, 
and the value of the method in each of these condi- 
tions is discussed. 

The amount of circulation in the kidneys can 
readily be estimated, permitting pertinent deduction 
as to whether the affected kidney need be removed. 
Among many patients studied for possible renal 
origin of hypertension, no instance of the Goldblatt 
kidney was encountered, though the authors cite a 
reference in which obstruction of the main renal 
artery with demonstrable collateral circulation was 
shown in a patient with hypertension, and this was 
believed to be cause and effect. The diagnosis of 
renal infarction was made in four instances and 
proved at operation in one and by autopsy in the 
other three. Abdominal aortic aneurysm and splenic 
artery aneurysm were each demonstrated once; ab- 
dominal aortic thrombosis occurred in one instance. 

The authors conclude that translumbar aortog- 
raphy is a relatively simple and safe procedure, and 
that it offers valuable information not obtainable 
by any other means. 

SCHWEDEL 


SURGERY IN HEART AND 
VASCULAR SYSTEM 


Ravitch, M. M.: Unusual Sternal Deformity with 
Cardiac Symptoms—Operative Correction. J. Tho- 
racic Surg. 23: 138 (Feb.), 1952. 

A sternal deformity is described in which the 
depressed body of the sternum displaced the heart 
to the left, producing symptoms. The angulation 
of the sternum was a double one, with an anterior 
bowing in the superior portion, in addition to the 
usual concavity inferiorly. The complaints consisted 
of attacks of palpitation followed by slowing of the 
heart and heavy breathing. 

Resection of small segments of five costal cartilages 
on each side, division of the xiphisternal joint, and 
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transverse osteotomies of the sternum at each of 
the levels of angulation relieved the symptoms. 
ABRAMSON 


Spencer, F. C., Muller, W. H., Jr., and Longmire, 
W. P., Jr.: Experimental Pulmonic Valvulotomy 
under Direct Vision by Temporarily Occluding 
the Pulmonary Artery. Ann. Surg. 135: 34 (Jan.) 
1952. 

A method is described of occluding the pulmonary 
circulation in dogs so as to permit the performance: 
of pulmonary valvulotomy under direct vision. The 
pulmonary artery and right ventricular outflow 
tract were closed off with clamps, and a longitu- 
dinal incision was made in the pulmonary artery. 
The valve cusps were then cut through the opening, 
using a bayonet forceps. A Potts ductus clamp was 
applied to the incision in the pulmonary artery and 
the two occluding clamps were removed. Following 
this the incision was closed with a double row of 
sutures. Of the 10 dogs operated on in this manner, 
eight survived. It was believed that the maximum 
time that the circulation could be arrested without 
causing death was between three and one-half and 
five minutes. The clinical implications of such an 
operation were discussed. 

ABRAMSON 


Lam, C. R., Aram, H. H., and Munnell, E. R.: An 
Experimental Study of Aortic Valve Homografts, 
Surg., Gynec. & Obst. 94: 129 (Feb.), 1952. 

An experimental study in which valve-bearing 
segments of a dog’s aorta were grafted to recipient 
dogs was undertaken. Since plastic valvular pros- 
theses had been unsatisfactory, the authors felt that 
aortic valve homografts might be more successful. 

Valve-bearing segments of aorta were implanted 
in the thoracic aorta of recipient dogs. The circula- 
tion in the distal aorta was interrupted no more 
than five minutes, and paralysis of the hind limb 
did not result. Care was taken to be sure that the 
valve segment had the correct relationship to the 
direction of blood flow. This was performed in 27 
dogs, and seven of these animals survived from one 
to six months, at which time they were sacrificed. 

Inspection of the valves in the animals which 
died early revealed that they were capable of func- 
tion and were competent when water was injected 
in a retrograde fashion against them. Valves that 
were in place for longer periods were shriveled and 
thrombosed and were not functional. In segments 
which had been implanted for 12 months, no valve 
cusp was identifiable. The authors concluded that 
this method of valve grafting offered no promise of 
success as far as function was concerned. 

The problem was then approached by studying 
the effect of a need for function on the survival of 
these valve homografts. Aortic insufficiency was 
produced in dogs by incising the posterior aortic 
cusp with a transventricular valvulotome. Then 
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‘alve-bearing segments of aorta were grafted into 
‘he thoracic aorta of these dogs. A total of 18 of 
these dogs survived for study. Early after surgery 
tudy by intra-arterial pressure readings revealed 
hat the natural aortic valves were incompetent 
vhile the grafted valves were competent and func- 
ional. Interim studies revealed that the grafted 
‘alves continued to function in only two animals. 
\t autopsy the transplanted valves appeared almost 
iormal and capable of function in one half of the 
inimals. However physiologic investigation had 
shown that none of these valves was functioning. 
\utopsy also revealed a tendency toward spontane- 
ous correction of the aortic valvular insufficiency 
hat had been induced by the valvulotomy. This 
correction was usually by adaptation of the other 
wo leaflets over the defect. This phenomenon pre- 
vented definite conclusions as to the fate of an aortic 
valve homograft in the presence of a persistent aortic 
insufficiency in the host. 

It is possible to transplant an aortic valve homo- 
graft into the thoracic aorta of a recipient animal, 
and one might speculate that it would retain its 
functional capacity if the host animal had marked 
permanent aortic insufficiency. 

FROBESE 


THROMBOEMBOLIC PHENOMENA 


Anlyan, W. G., Campbell, F. H., Shingleton, W. W., 
and Gardner, C. E., Jr.: Pulmonary Embolism 
Following Venous Ligation. Arch. Surg. 64: 200 
(Feb.), 1952. 

The authors found that:during a 12-month period, 
50 instances of thromboembolic disease occurred on 
the surgical and gynecologic services of a large 
general hospital. Of these 43 were treated with anti- 
coagulants only, and seven by venous ligations, five 
of the latter also receiving anticoagulants. 

Of the seven patients who were treated surgically, 
in four bilateral superficial femoral vein ligation was 
performed just distal to the deep femoral branch. 
Three of these subsequently developed pulmonary 
emboli, with one death. Two cases in this group 
were also treated with anticoagulants and recovered. 
Two patients were subjected to bilateral common 
femoral and saphenous vein ligations. One of these 
had an uneventful course, while the other developed 
1 pulmonary embolism which was treated with anti- 
coagulants. The last patient in the series had a bi- 
lateral popliteal vein ligation for deep venous in- 
sufficiency and subsequently developed a pulmonary 
embolus. He also received dicumarol and recovered. 

It was concluded that it is questionable as to 
whether there is any indication for ligation of the 
superficial femoral or common femoral veins in 
thromboembolic disease. Furthermore, once these 
procedures have been performed, there is no justifica- 
tion for a feeling of security from fatal pulmonary 
embolism. Anticoagulant therapy appears to be the 


treatment of choice in the prevention of pulmonary 
embolism. 
ABRAMSON 


Aguiar, J. A., Schlesinger, P., and Barretto Netto, 
M.: Coronary Embolism due to Pre-existent 
Thrombosis. Arq. brasil med. 42: 21 (Jan.—Feb.), 
1952. 

A case is reported of a 41 year old male with ar- 
teriosclerotic and hypertensive heart disease whose 
initial electrocardiogram showed no evidence of 
myocardial infarction. Following an acute episode 
of precordial pain, the tracing revealed typical 
changes of recent anterior and posterior infarction. 
The patient died soon after this record was obtained. 
Autopsy revealed multiple coronary embolization 
originating in a pre-existent partially occluding 
thrombus of the main branch of the left coronary 
artery. 

SCHLESINGER 


Ellis, J. T., and Windham, S. W.: Acute Massive 
Venous Occlusion in the Lower Extremity. Ann. 
Surg. 135: 262 (Feb.), 1952. 

Two cases are reported of acute massive venous 
occlusion in the lower extremity. The clinical mani- 
festations of this condition consist of a rapid onset 
of severe pain in the inguinal region and upper por- 
tion of the leg, extending downward into the leg, 
associated with the appearance of a marked degree 
of pitting edema of the entire lower extremity up to 
the groin. These changes are followed by blue dis- 
coloration which begins in the foot and leg and then 
gradually proceeds upward onto the thigh. Arterial 
pulsation may or may not be present in the involved 
limb. The process may progress to gangrene depend- 
ing upon the amount of venous involvement. This 
change results from circulatory arrest caused by 
blockage of the venous return from the extremity. 
Arterial blood cannot reach the tissues due to the 
extreme venous pressure built up in the involved 
extremity by the extensive venous occlusion. 

The treatment of the condition consists of the 
sucking out of the clots from the major venous chan- 
nels of the thigh. Sympathetic blocks do not allevi- 
ate or correct the clinical manifestations. 

ABRAMSON 


VASCULAR DISEASE 


Elliott, R. V., and Peck, M. E.: Thrombotic Occlu- 
sion of Aorta as Demonstrated by Translumbar 
Aortograms. J. A. M. A. 148: 426 (Feb. 9), 1952. 
The authors describe the technic for translumbar 

aortographic examination and state it can be per- 

formed without great risk to the patient. They re- 
port in detail four cases which were studied by this 
technic and diagnosed as thrombotic occlusion of 
the aorta. The value of making an accurate diag- 
nosis in occlusion of the aorta is extremely important 
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to the welfare of the patient because it affects the 
therapy which is instituted. A positive diagnosis 
between coarctation of the aorta, abdominal aneu- 
rysm, and thrombotic obliteration of the aorta can 
be established by translumbar aortographie exami- 
nation. In addition the exact location of the lesion 
can be identified. This procedure does not carry any 
undue risk when used in patients with aortic dis- 
ease. 

KITCHELL 


Dunlop, G. R.: Problems of Ischemia of the Lower 
Extremity. New England J. Med. 246: 219 (Feb. 
7), 1952. 

The author discusses the indications and contra- 
indications for the use of lumbar sympathectomy in 
the treatment of ischemia of the lower extremities. 
Necrosis proximal to the toes, extensive visceral 
disease, advanced atrophy of the skin and subcu- 
taneous tissue, and severe rest pain negate the use 
of such a procedure, since these conditions represent 
advanced states of the occlusive arterial disorder. 
Peripheral ischemia associated with a cold moist 
foot, intermittent claudication with palpable pop- 
liteal pulses, superficial necrosis of the toes with 
demonstrable vasospasm, and peripheral ischemia 
that responds to a sympathetic block are states in 
which sympathectomy is indicated. 

ABRAMSON 


Charbon, B. C., Adams, W. E., and Carlson, R. F.: 
Surgical Treatment of Multiple Arteriovenous 
Fistulas in the Right Lung in a Patient Having 
Undergone a Left Pneumonectomy Seven Years 
Earlier for the Same Disease. J. Thoracic Surg. 
23: 188 (Feb.), 1952. 

A case of multiple arteriovenous fistulas of the 
right lung is reported. The diagnosis was first made 
in 1943 at which time the patient, a 24 year old 
male, was experiencing frequent nosebleeds. Cyano- 
sis and clubbing of the fingers were present, while 
roentgenograms of the chest showed two lobulated 
opaque areas, one in each lung field. A left pneumo- 
nectomy was performed and the patient’s condition 
improved. 

In 1949 fluoroscopy revealed a new lesion in the 
lower right lung field, associated with the return 
of symptoms. The patient was again operated upon, 
and three separate arteriovenous fistulas were found 
in the right lung. Parts of the right lung were re- 
sected. The patient was discharged from the hospital 
in fairly good condition after a stormy postoperative 
course. 

ABRAMSON 


ABSTRACTS 


Ruggiero, G., and Castellano, F.: Carotid-Cavernou 
Aneurysm. Acta radiol. 37: 121 (Feb.), 1952. 
The authors discuss the clinical, diagnostic an 

therapeutic aspects in 11 patients with arteriove: 
ous fistulas between the internal carotid artery an 
the cavernous sinus. In the seven cases due t 
trauma, the onset of symptoms was insidious wit 
unilateral pulsating exophthalmos, involvement « 
the second, third, fourth or sixth cranial nerve 
and intracranial bruit. Chemosis and subcutaneoi 
hemorrhages were common. In the four cases wit 
spontaneous fistula formation, the onset was acut 
with headache, vomiting, and bruit, while the es 
ophthalmos generally appeared later. 

Arteriography in the postero-anterior and later; 
views was considered essential. Treatment was mo1 
satisfactory in the traumatic group. One case 1 
sponded to daily digital compression of the commo: 
carotid artery; the others required ligation of th 
common carotid artery, the internal carotid artery 
the intracranial portion of the internal carotid or : 
combination of two or all of these procedures. 

The authors believe that the collateral supply 
comes from the opposite common carotid artery 
rather than from homolateral external carotid 
branches. 

* SCHWEDEL 


OTHER SUBJECTS 


Downey, V. M., and Strickland, B. A.: Air Trans- 
portation of Cardiac and Pulmonary Patients. 
Ann. Int. Med. 36: 525 (Feb.), 1952. 

The important consideration in flight is the oxygen 
supply of the myocardium which depends upon the 
coronary circulation and upon the oxygen satura 
tion of the blood. Above 15,000 feet, oxygen satura 
tion falls off rapidly, so that no amount of coronary 
dilatation could provide a sufficient oxygen supply 
for the myocardium. Therefore, above 10,000 feet, 
additional oxygen must be available for any person 
with heart disease. Whether an individual patient 
should be transported by air or not depends upon 
his condition, the altitude to be flown, the availa 
bility of oxygen, and the qualifications of the flight 
attendant. In general, however, a patient who can 
be transported at all can be flown below 10,000 feet. 
since oxygen saturation of blood remains satisfactor) 
below this level and since experience indicates that 
patients with coronary deficits, valvular heart dis 
ease, and cardiac arrhythmias will tolerate flight 
made below 10,000 feet without the development o' 
symptoms referable to the heart. 

WENDKOS 
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FIRST ISSUE OF 
“CIRCULATION RESEARCH” 

‘The first issue of the new bimonthly Journal, 
CrrcuLATION Researcu, will appear in Janu- 
uy. The only journal of its kind, CrrcuLaTIon 
Researcu will fill the need for a scientific 
medium reporting on fundamental investiga- 
tions related to the heart and circulation. 

Edited by Dr. Carl J. Wiggers, CircuULATION 
RESEARCH aims to narrow the gap between the 
completion of a discovery and its final publica- 
tion, by offering regular, up-to-date and cor- 
relative coverage of important basic research. 

The departments to be found regularly in 
CrrcuLaTION ResEarRcuH will include original 
research articles, editorials on pertinent and 
timely subjects, and a section on “Research in 
Progress”’ covering preliminary reports of ad- 
vances in current research. 

The January issue will include the following 
papers: 


Ferguson, T. B., O. W. Shadle and D. E. Gregg: 
ErFEcT OF BLOOD AND SALINE ON VENTRICULAR 
END Diastotic PRESSURE, STROKE WoRK, STROKE 
VOLUME AND CarpriAc OuTPUT IN THE OPEN AND 
CLosep Cuest Doa. 

Ferrer, M. I., R. M. Harvey, M. Kuschner, D. W. 
Richards, Jr., and A. Cournand: HremMopyNAMIc 
STUDIES IN TRICUSPID STENOSIS OF RHEUMATIC ORI- 
GIN. 

Gaskell, P. and A. C. Burton: Loca PosturRAL 
VasoMoToR REFLEXES ARISING FROM THE LimB 
VEINS. 

Harris, A. S., R. W. Olsen, A. Estandia and T. J. 
Ford, Jr.: OXYGEN ADMINISTRATION UPON VEN- 
TRICULAR TACHYCARDIA AND BLOOD PRESSURE IN 
ANIMALS WITH ACUTE MyocarDIAL INFARCTION. 

Heymans, C., A. L. Delaunois and G. van den 
Heuvel-Heymans: TENSION AND DISTENSIBILITY OF 
CarotTip Stnus WALL, PRESSOCEPTORS AND BLoop 
PRESSURE REGULATION. 

Khairallah, P. A. and W. F. H. M. Mommaerts: 
NvucLevTIDE METABOLISM IN CarprAc ACTIVITY. 
I. MetrHops AND INITIAL OBSERVATIONS. II. REAc- 
TIONS IN SYSTOLE. 


Lanier, J. T., H. D. Green, J. Hardaway, H. D. 
Johnson and W. B. Donald: Bastc DIFFERENCES 
BETWEEN REACTIONS OF CUTANEOUS AND MUSCULAR 
VESSELS TO ADRENERGIC DruGs, ISCHEMIA, METHA- 
CHOLINE AND ADRENERGIC DruGs FoLLow1neG ANTI- 
ADRENERGIC DRUvGS. 

Opdyke, D. F. and M. E. Zanetti: Extent or 
AGREEMENT BETWEEN Two MeEtruHops For EsTI- 
MATING ACUTE DIRECTIONAL CHANGES OF CARDIAC 
STROKE INDEX. 

Randall, W. C., W. F. Alexander, J. W. Cox and 
A. B. Hertzman: FuncrionaL ANALYSIS OF THE 
VASOMOTOR INNERVATION OF THE Doa’s Hinp Foor- 
PAD. 


NEXT INTER-AMERICAN CARDIO- 
LOGICAL CONGRESS 


The Fifth Inter-American Cardiological Con- 
gress will be held in Havana, Cuba, in 1956, it 
was decided at a meeting of the Inter-American 
Cardiological Society last September. The meet- 
ing was held in connection with the Fourth 
Inter - American Cardiological Congress in 
Buenos Aires. Co-chairing the Society’s meet- 
ing were its permanent honorary Presidents, 
Drs. Ignacio Chavez of Mexico, and Dr. Louis 
N. Katz, Chairman of the American Heart 
Association’s Scientifie Council. 

Dr. Pedro Cossio, of Argentina, was elected 
President of the Society for the next four years. 
On recommendation of the Committee on Inter- 
national Affairs of the American Heart Associa- 
tion, Howard B. Sprague, M.D., Boston, was 
elected a Vice-President of the Society; Teofilo 
Ortiz Ramirez, M.D., Mexico, was named Sec- 
retary; and George R. Herrmann, M.D., Gal- 
veston, Texas, was chosen an Assistant 
Secretary. Also on recommendation of the Asso- 
ciation’s Committee on International Affairs, 
the following Anglo-American members were 
elected to the Society’s Board of Directors: 
Dr. Sprague; Carl J. Wiggers, M.D., Cleveland; 
Irving 8. Wright, M.D., New York (continuing 
in office were John Hepburn, M.D., Toronto; 
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Dr. Herrmann; and Arlie R. Barnes, M.D., 
Rochester, Minn.). 


PROGRAM OF THE SECTION ON 
CIRCULATION 

Dr. Fay LeFevre, Chairman of the Section 
on Circulation, states that papers for the annual 
meeting of the Section on Circulation may be 
submitted to the Program Committee by any 
member of the American Heart Association. 
Dr. LeFevre says, “In the past, there has appar- 
ently been some misunderstanding and the 
Committee wishes to inform the membership 
that the program is not restricted to members 
of the Section on Circulation. Anyone interested 
in submitting a paper should forward to the 
Chairman a short summary in triplicate as soon 
as possible.” 


NEW BOOKLETS 


Three booklets related to the employment of 
-ardiacs are being distributed by the American 
Heart Association and its affiliates to assist the 
private and industrial physician in restoring 


their cardiac patients to gainful employmer ' 
wherever possible. 

A medical guide, ‘“‘Returning Cardiacs to 
Work,” is intended specifically for the use of 
the physician in evaluating the physical capac- 
ity and the occupational possibilities of his 
cardiac patients. The manual also includes a 
list of official, voluntary and private agencies 
for the referral of patients by the physician for 
vocational counselling or retraining. The guide, 
written by the medical staff of the Bellevue 
Hospital Work Classification Unit, is based on 
experience gathered in ten years of operation 
of the unit, which was initiated by the New 
York Heart Association. 

“Facts About Employment and Heart Dis- 
ease,” the second booklet in the group, is aimed 
directly at the cardiac worker, and is useful for 
distribution by the physician to his patients. 
This booklet was written in question and an- 
swer form by Dr. Leonard Goldwater, Chair- 
man of the Association’s Cardiac-in-Industry 
Committee. 


For industrial physicians and management, 
the third booklet, ‘“These Hands Are Able,” 
was developed by the American Heart Associa- 
tion from a manuscript prepared by the Car- 
diac-in-Industry Committee of the Los Angeles 
County Heart Association. 

All three booklets may be obtained through 
heart association affiliates or from the Nationa! 
Office. 


REMINDERS 
New Feature 


The first section on Conferences, a new fea- 
ture to be published six times annually in Crr- 
CULATION, Will appear in the next issue. Edited 
by Edgar V. Allen, M.D., and J. Earl Estes, 
M.D., the new section will cover clinical and 
clinicopathologic conferences on specific sub- 
jects. 


Papers for the Scientific Sessions 


January 1, 1953 is the last day on which 
those desiring to present papers at the Associa- 
tion’s Scientific Sessions may submit abstracts. 
The abstracts should not be longer than 300 
words and must contain in summary form, a 
specific statement of the results obtained or 
conclusions reached (not merely a statement 
that results or conclusions will be presented or 
discussed at the meeting). Abstracts should be 
submitted in triplicate to Dr. André Cournand, 
Chairman of the Program Committee, “% Amer- 
ican Heart Association, 44 East 23rd Street, 
New York 10, N. Y. 


CALENDAR 


Dec. 2-5: Sixth Annual Clinical Session of Ameri- 
“an Medical Association, Denver, 
Colo. (Will feature review lectures 
and panels on current progress in 
sardiovascular diseases.) 
Apr. 8-12: Twenty-Ninth Annual Meeting, Ameri- 
can Heart Association, Hotel Chel- 
sea, Atlantic City, N. J. 
Apr. 8-9: Assembly panels, Assembly meeting, 
meeting of Scientific Council. 
Apr. 10-12: Twenty-Sixth Scientific Sessions, 
American Heart Association, Hotel 
Chelsea, At'antic City, N. J. 








